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ABSTRACT 

There  i s  impe tus  in  the  UK to  move  away  f rom empi r ica l  des ign  o f  road  
founda t ions  and  method  spec i f i ca t ion  towards  ana ly t i ca l  des ign  assured  
by  end  p roduc t  t e s t ing  dur ing  cons t ruc t ion .  Cur ren t  r esea rch  a t  
Loughborough  Univers i ty ,  sponsored  by  the  Highways  Agency ,  i s  a imed  
a t  in t roduc ing  such  a  pe r fo rmance  based  spec i f i ca t ion .  Th is  paper  
in t roduces  the  ph i losophy  beh ind  the  resea rch  and  exp la ins  the  p r imary  
ob jec t ives .  Se lec t ive  resu l t s  a re  p resen ted  f rom a  fu l l - sca le  f i e ld  t r i a l  
cons t ruc t ion  o f  a  road  founda t ion  on  a  so f t  subgrade ,  which  was  
charac te r i sed  by  a  va r ie ty  o f  f i e ld  dev ices  and  subsequen t ly  t r a f f i cked .  
Th i s  paper  focuses  on  ins i tu  s t i f fness  modulus  (E R ) ,  measured  by  
severa l  dev ices  fo r  compar i son .  The  se t t ing  o f  su i t ab le  t a rge t  va lues  fo r  
f i e ld  E R  i s  seen  as  a  key  fac to r  and  the  in f luence  o f  inheren t  va r iab i l i ty  
in  mate r ia l  r esponse  a  concern .  The  d i sc repancy  be tween  dev ices  and  
the  p rob lem of  long- te rm s tab i l i ty  a re  d i scussed  and  h igh l igh ted  as  a  
key  focus  fo r  the  remainder  o f  the  work .  

KEYWORDS:  Founda t ion ,  Ins i tu  S t i f fness ,  Des ign ,  Tra f f i ck ing ,  
Tr iax ia l .



 2

INTRODUCTION 

UK road  founda t ions  o f ten  cons i s t  o f  an  improvement  l ayer  o f  unbound  
granu la r  mate r ia l s  ( capp ing)  compac ted  on to  a  so i l  subgrade ,  which  i s  
e i the r  in  i t s  na tu ra l  s t a te  o r  has  been  t rea ted  and /or  compac ted  dur ing  
the  ea r thworks .  Th i s  p rov ides  the  format ion  upon  which  sub-base  i s  
l a id  and  compac ted  to  comple te  the  founda t ion ,  wh ich  a ims  to  p rov ide  a  
su i t ab le  p la t fo rm to  cons t ruc t  the  upper  s t ruc tu ra l  pavement  l ayers .  UK 
road  founda t ions  a re  des igned  in  accordance  wi th  HD25/94 1 .  The  
founda t ion  l ayer  th icknesses  a re  des igned  accord ing  to  the  equ i l ib r ium 
Cal i fo rn ia  Bear ing  Ra t io  (CBR) ,  which  i s  based  on  empir ica l  da ta  and  
exper ience  and  a ims  to  ensure  the  long- te rm per fo rmance  o f  the  
pavement .  The  road  founda t ion  i s  then  cons t ruc ted  in  accordance  wi th   
the  method  spec i f i ca t ion  inc luded  in  the  Spec i f i ca t ion  fo r  Highway  
Works 2 .  The  use  o f  a  rec ipe  spec i f i ca t ion  g ives  assurance  o f  the  
pe r fo rmance  o f  c lose ly  regu la ted  mate r ia l s  tha t  a re  known to  be  
adequa te .  

 
Th i s  approach  to  des ign  and  cons t ruc t ion  p rec ludes  the  use  o f  
func t iona l  so i l  and  g ranu la r  mate r ia l  pe r fo rmance  paramete rs ,  which  
a re  requ i red  fo r  ana ly t i ca l  pavement  des ign  and  fo r  a  t ru ly  pe r fo rmance  
based  spec i f i ca t ion  fo r  road  founda t ion  cons t ruc t ion .  However ,  such  a  
spec i f i ca t ion  i s  des i rab le  to  pe rmi t  the  inc lus ion  o f  a l t e rna t ive  
mate r ia l s  and /or  a l t e rna t ive  cons t ruc t ion  methods .  A  consor t ium of  
Sco t t  Wi l son  Pavement  Eng inee r ing  L td  and  Loughborough  and  
Not t ingham Univers i t i e s  a re  research ing  and  deve lop ing  a  pe r fo rmance  
based  spec i f i ca t ion  fo r  subgrade  and  capp ing  mate r i a l s ,  funded  by  the  
UK Highways  Agency .  The  b road  spec i f i ca t ion  ph i losophy  i s :  

•  measure  per fo rmance  paramete rs  o f  the  subgrade  and  po ten t i a l  
capp ing  mate r ia l s  a t  the  s i t e  inves t iga t ion  s tage ,  

•  incorpora te  these  in to  a  founda t ion  des ign  p rocedure  tha t  p rov ides  a  
s t ab le  p la t fo rm on  which  to  cons t ruc t  and  in  the  long  t e rm,  and  

•  measure  the  per fo rmance  paramete rs  dur ing  cons t ruc t ion  to  assure  
compl iance  wi th  the  des ign .  

I f  a  spec i f i ca t ion  based  on  ‘end  p roduct ’  t e s t ing  can  be  implemented  
and  l inked  to  func t iona l  des ign  pa ramete rs ,  marg ina l  mate r ia l s  tha t  do  
no t  mee t  the  requ i rements  o f  the  cur ren t  spec i f i ca t ion  cou ld  be  
pe rmi t t ed .  Th i s  would  fac i l i t a t e  the  use  o f  more  recyc led  mate r ia l s  and  
secondary  aggrega tes ,  thus  de r iv ing  des i rab le  env i ronmenta l  benef i t s .  

 

PERFORMANCE PARAMETERS  
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Road  founda t ions  mus t  be  des igned  to  mee t  th ree  c r i t i ca l  load ing  
cond i t ions :  

•  Rela t ive ly  few (≤  1000  s tandard  ax les )  l a rge  s t ress  pu l ses  app l ied  
d i rec t ly  to  the  fo rmat ion  su r face  by  cons t ruc t ion  t ra f f i c .  

•  A smal l  number  o f  ve ry  h igh  s t resses  app l ied  by  compac t ion  p lan t .  

•  A very  l a rge  number  o f  smal l  app l ied  s t resses  caused  by  t ra f f i ck ing  
o f  the  comple ted  pavement .  

C lea r ly  the  f i r s t  two  cond i t ions  a re  app l ied  to  the  subgrade  and  
compac ted  capp ing  mate r ia l s  in  the i r  s t a te  a t  the  t ime  of  cons t ruc t ion ,  
whereas  the  th i rd  cond i t ion  i s  app l ied  to  the  so i l  and  capp ing  mate r ia l s  
in  the i r  long- te rm equ i l ib r ium s ta te .  

 
To  mee t  these  load ing  requ i rements  the  founda t ion  mus t  possess   
adequa te  s t i f fness  ( i . e .  low res i l i en t  de format ion)  and  suf f i c ien t  
s t r eng th  to  p reven t  pe rmanen t  de fo rmat ion .  Adequa te  s t i f fness  i s  
r equ i red  to  a l low sa t i s fac to ry  compac t ion  o f  the  over lay ing  pavement  
l ayers ,  and  i s  ach ieved  us ing  appropr ia te  mate r ia l s  tha t  a re  wel l  
compac ted ,  combined  wi th  suf f i c ien t  th ickness  to  sp read  the  app l ied  
t rans ien t  su r face  s t ress  over  a  su f f i c ien t ly  l a rge  a rea  to  avo id  d i s t ress  
to  the  under ly ing  l ayers .  Equa l ly ,  the  founda t ion  mus t  be  ab le  to  
sus ta in  the  app l ied  s t ress  wi thou t  s ign i f i can t  pe rmanen t  de format ion  
( ru t t ing) .  I f  ru t t ing  does  occur  dur ing  cons t ruc t ion ,  th i s  can  l ead  to  
pond ing  o f  wa te r  a t  the  top  o f  cohes ive  subgrades .  Th i s  in  tu rn  resu l t s  
in  weaken ing  and  a  reduc t ion  in  subgrade  s t i f fness  in  the  long  t e rm,  
caus ing  the  th i rd  load ing  cond i t ion  to  become more  c r i t i ca l .  Th is  loss  
o f  s t i f fness  can  resu l t  in  h igh  res i l i en t  in - se rv ice  de format ions ,  l ead ing  
to  fa t igue  c rack ing  o f  the  over ly ing  bound  layers .  

 
There  a re  s ign i f i can t  p rob lems  in  measur ing  these  two  per fo rmance  
paramete rs  accura te ly .  Both  res i l i en t  and  permanen t  de format ions  
caused  in  a  founda t ion  a re  con t ro l l ed  by  the  na tu re  o f  the  app l i ed  
load ing ,  in  t e rms  o f  app l ied  s t ress  (ax le  load) ,  dura t ion  o f  s t ress  pu l se  
(veh ic le  speed)  and  d i rec t ion  o f  veh ic le  pass .  In  add i t ion ,  d i f fe ren t  
so i l s  wi l l  behave  in  d i f fe ren t  ways  to  each  combina t ion  o f  the  above  
fac to rs .  There fore  the   t e s t s  used  to  measure  per fo rmance  mus t  match  
the  load ing  cond i t ions  in  p rac t i ce  as  c lose ly  as  poss ib le .  

 
Excess ive  res i l i en t  de format ion  can  be  guarded  aga ins t  by  measur ing  
s t i f fness  in  s i tu  u s ing  dynamic  measur ing  dev ices .  To  guard  aga ins t  
excess ive  pe rmanen t  de format ion  the  founda t ion  l ayers  mus t  possess  
su f f i c ien t  shear  s t reng th .  Th is  can  be  con t ro l l ed  in  p rac t i ce  by  l imi t ing  
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the  app l ied  s t ress  t r ansmi t t ed  to  the  subgrade ,  i . e .  by  p rov id ing  a  
capp ing  o f  su f f i c ien t  th ickness  and  by  ensur ing  tha t  th i s  capp ing  
mate r ia l  i s  su f f i c ien t ly  wel l  compac ted  to  have  ach ieved  an  adequa te  
s t i f fness  and  in te rna l  shear  s t reng th .  Capp ing  th ickness  can  be  des igned  
accord ing  to  the  s t reng th  and  s t i f fness  o f  the  subgrade ,  which  can  be  
assessed  in  s i tu  du r ing  cons t ruc t ion  by  an  appropr ia te  t e s t  o r  poss ib ly  
p red ic ted  f rom labora to ry  t e s t s .  The  capp ing  behav iour  i s  more  d i f f i cu l t  
to  es t imate  f rom labora to ry  t es t s  bu t  can  be  con t ro l l ed  by  measur ing  
dens i ty  and  s t i f fness .  Di rec t  measurement  o f  subsur face  ru t t ing  to  l imi t  
the  quan t i ty  o f  pe rmanen t  de format ion  induced  by  t r a f f i ck ing  dur ing  
cons t ruc t ion  ( i . e .  ru t t ing  a t  the  top  o f  the  subgrade  and  wi th in  the  
capp ing  i t se l f ) ,  however ,  r emains  a  cha l l enge  fo r  fu tu re  resea rch .  

 
TARGET VALUES  

Targe t  va lues  fo r  s t i f fness  and  shear  s t reng th  mus t  be  de te rmined  fo r  
cons t ruc t ion  compl iance .  I t  i s  an t i c ipa ted  tha t  the  t a rge t  va lues  wi l l  be  
spec i f i c  to  the  dev ice  used  to  measure  them due  to  va r ia t ions  in  the i r  
opera t ion .  Va lues  o f  t a rge t  s t i f fness  have  been  sugges ted  f rom o ther  
work .  For  example ,  a  s t i f fness  o f  50  to  60  MPa  measured  on  the  
comple ted  capp ing  and  100  MPa  on  the  comple ted  sub-base  have  been  
sugges ted  by  the  cur ren t  au thors 3 .  In  Germany ,  a  min imum s ta t i c  p la te  
bea r ing  t es t  modulus  (E V 2 )  o f  45  MPa  i s  r equ i red  a t  the  top  o f  
fo rmat ion ,  a l though  th i s  i s  nega ted  by  a  requ i rement  fo r  a  th ick  f ros t  
p ro tec t ion  l ayer  above  the  fo rmat ion .  Chaddock  and  Brown 4  sugges ted  a  
va lue  o f  80  MPa  as  an  accep tab le  top  o f  capp ing  s t i f fness ,  a s  measured  
by  the  Fa l l ing  Weigh t  Def lec tomete r  wi th  a  450  mm p la te  and  200  kPa  
con tac t  s t ress ,  whereas  a  va lue  o f  30  MPa  as  measured  by  the  
L igh tweigh t  Weigh t  Drop  Tes te r  i s  sugges ted 5 .  

 
Three  dynamic  s t i f fness  measur ing  dev ices  have  been  recommended  fo r  
de ta i l ed  eva lua t ion 3  o f  the i r  ab i l i ty  to  conf i rm the  s t i f fness  ach ieved  
dur ing  cons t ruc t ion  a t  the  top  o f  the  fo rmat ion :  

•  The  Fa l l ing  Weigh t  Def lec tomete r  (FWD) 

•  The  TRL Founda t ion  Tes te r 4  (TFT,  deve loped  a t  Loughborough)  

•  The  Ligh tweigh t  Drop  Tes te r  (LDT)  

The  TFT and  LDT are  s imi la r  smal l  sca le  dynamic  dev ices  which  
compr i se  a  10kg  fa l l ing  mass  tha t  impac t s  v ia  a  rubber  damper  sea ted  
on  a  300mm bear ing  p la te .  The  TFT measures  the  fo rce  app l ied  and  
def lec t ion  o f  the  g round  (d i rec t ly )  whi l s t  the  LDT assumes  a  cons tan t  
s t ress  and  measures  the  de f lec t ion  o f  the  p la te .  The  LDT app l ies  a  peak  
s t ress  o f  100  kPa  and  as  a  resu l t  the  TFT and  FWD were  conf igured  to  
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match  th i s  fo r  the  f i e ld  t r i a l  desc r ibed  l a te r .  The  FWD has  been  
inc luded  as  a  benchmark  dev ice  aga ins t  which  to  judge  the  
measurements  f rom the  o ther  dev ices  as  i t  appears  to  be  wide ly  
accep ted  by  pavement  eng ineers .  However  i t  i s  cons idered  too  
soph is t i ca ted  to  be  p roposed  in  the  new spec i f i ca t ion .  

 
A  ta rge t  compos i te  fo rmat ion  s t i f fness  has  been  se t  in i t i a l ly  a t  50  MPa,  
based  upon  f i e ld  obse rva t ions  and  s ta t i c  l inea r  e las t i c  ana lyses .  The  
ach ieved  fo rmat ion  s t i f fness  depends  upon  the  s t i f fness  o f  the  
subgrade ,  and  the  th ickness  and  s t i f fness  o f  the  capp ing  l ayer .  
Cont ro l l ed  compac t ion  t r i a l s  a re  cur ren t ly  be ing  under taken  to  re f ine  
th i s  t a rge t  va lue  us ing  the  TFT and  LDT.  

 
Cur ren t  UK des ign  gu idance 6  requ i res  the  fo rmat ion  o f  ru t s  in  the  sub-
base ,  when  used  as  a  hau l  road ,  to  be  l imi ted  to  40mm to  p reven t  
excess ive  damage  to  the  subgrade  benea th .  A  s imi la r  approach  fo r  
capp ing  i s  p roposed ,  thus  requ i r ing  tha t  the  fo rmat ion  sur face  ru t  be  
moni to red .  The  p ropor t ion  o f  the  su r face  ru t  tha t  wi l l  occur  in  the  
subgrade  wi l l  c l ea r ly  depend  upon  the  na tu re  o f  the  capp ing  used ,  
a l though  th i s  i s  d i f f i cu l t  to  p red ic t  and  thus  the  genera l  
r ecommenda t ions  g iven  in  Tab le  1   have  been  sugges ted  to  l imi t  ru t t ing  
in  the  subgrade  to  20mm.  

 

Table  1 .  Permiss ib le  Rutt ing  a t  the  Surface  o f  Capping  Mater ia l s  

Capping thickness, t (mm)  Maximum permissible surface rut 
(mm) 

 
t ≤ 250 

 
250< t ≤500 

 
t > 500 

 
20 

 
30 

 
40 

 

 

FIELD VALIDATION  

A  se r ies  o f  con t ro l l ed  f i e ld  t r i a l s  i s  be ing  under taken  to  va l ida te  and /or  
rev i se  the  t a rge t  va lues  sugges ted  fo r  the  pe r fo rmance  spec i f i ca t ion .  
These  wi l l  a l so  de te rmine  the  s t reng th  o f  the  re la t ionsh ip  be tween  the  
l abora to ry  pa ramete r s  used  fo r  des ign  and  the  s i t e  compl iance  t es t s .  To  
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da te ,  one  con t ro l l ed  f i e ld  t r i a l  and  se lec t ive  t e s t ing  on  l ive  
cons t ruc t ion  s i t e s  have  been  ca r r ied  ou t .  The  con t ro l l ed  t r i a l  s i t e  
cons i s ted  o f  a  r easonab ly  cons i s ten t ,  r e la t ive ly  so f t  sandy  c lay  
subgrade  on to  which  th ree  good  qua l i ty  s t andard  c rushed  rock  capp ing  
mate r ia l s  were  cons t ruc ted .  Both  ru t t ing  response  to  repea ted  lo r ry  
load ing  and  s t i f fness  were  measured .  

 
The  t r i a l  founda t ions  were  cons t ruc ted  in  twe lve  3m long  bays .  The  
capp ing  th ickness  des ign  was  based  upon  l abora to ry  repea ted  load  
t r i ax ia l  t e s t  da ta  fo r  und is tu rbed  samples  t aken  dur ing  the  s i t e  
inves t iga t ion .  The  capp ing  was  450mm deep  fo r  n ine  bays ,  each  
mate r ia l  be ing  l a id  wi th  poor  (4  passes ) ,  medium (8  passes )  and  good  
(16  passes )  compac t ion  us ing  a  Benford  TV 800H twin  d rum ro l l e r .  
Three  bays  were  cons t ruc ted  as  a  wedge  rang ing  in  th ickness  f rom 300  
to  600mm and  g iven  16  passes  (good  compac t ion)  o f  the  same ro l l e r .   
Af te r  subgrade  exposure ,  Dynamic  Cone  Pene t romete r  (DCP)  t es t s  were  
pe r fo rmed  in  each  bay  to  p rov ide  s t reng th  p rof i l e  measurements  in  s i tu  
and  und is tu rbed  samples  were  t aken  and  sub jec ted  to  repea ted  load  
t r i ax ia l  t e s t ing  in  the  l abora to ry  for  fu r the r  cor re la t ions .  S t i f fness  was  
then  measured  on  the  exposed  subgrade  and  on  the  comple ted  capp ing  
l ayer  direc t l y  above  the  subgrade  t es t  pos i t ions .  Ins i tu  dens i ty  
measurements  were  a l so  ca r r i ed  ou t  on  the  comple ted  capp ing .  The  road  
was  then  t ra f f i cked  wi th  1000  passes  o f  a  15  tonne ,  two  ax le  lo r ry  to  
examine  ru t t ing ,  which  was  moni to red .  

 
   Row A  Row B  Row C 

 
 Lightweight Drop Tester     X     X       X 

 
 TRL Foundation Tester 
 Lightweight Drop Tester    X     X       X 
 Falling Weight Deflectometer 
 
 Falling Weight Deflectometer    X     X       X 

 
Figure 1. Layout of Dynamic Stiffness Test Points for Each Test Bay 

 

The  t es t  l ayou t  was  dev i sed  to  g ive  9  loca t ions  pe r  bay ,  to  a l low each  
t es t  to  be  ca r r i ed  ou t  th ree  t imes  on  nomina l ly  s imi la r  f resh ly  
compac ted  capp ing  and  such  tha t  th ree  se t s  o f  t e s t s  were  ca r r i ed  ou t  a t  
the  same po in t .  (F igure  1 ) .  

 
Dur ing  the  course  o f  the  t r i a l  the  wea ther  became very  ho t  caus ing  a  
f i rm c rus t  to  be  fo rmed  on  the  subgrade  sur face  when  exposed .  Repea t  
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s t i f fness  measurements  on  the  subgrade  in  the  l a s t  bays  to  be  covered  
showed  i t  to  have  inc reased  in  s t i f fness  by  50%.  

 
No  more  than  30mm of  ru t t ing  was  caused  in  any  bay  dur ing  
t ra f f i ck ing .  Th i s  exce l l en t  foundat ion  per fo rmance  under  t r a f f i ck ing ,  
was  p r imar i ly  a t t r ibu ted  to  two  fac to rs .  F i r s t ly ,  the  mate r ia l s  improved  
dur ing  cons t ruc t ion  due  to  d ry ing  ou t ,  r ender ing  the  pa ramete r s  
ob ta ined  f rom the  s i t e  inves t iga t ion  t es t s  no  longer  re levan t  a t  the  t ime  
o f  cons t ruc t ion .  Secondly ,  the  capp ing  mate r ia l  s t i f fness  used  in  
ca lcu la t ing  the  requ i red  l ayer  th ickness  to  g ive  a  compos i t e  modulus  
was  assumed,  f rom exper ience ,  to  be  80  MPa .  Back-ana lys i s  o f  the  
FWD s t i f fness  da ta  ind ica ted  tha t  the  ac tua l  capp ing  l ayer  s t i f fness  was  
in  mos t  cases  h igher  than  80  MPa ,  poss ib ly  due  to  the  g rea te r  s t i f fness  
ach ievab le  when  compac t ing  on to  a  s t i f fe r  subs t ra te  and  due  to  the  
induc t ion  o f  l a rger  suc t ion  s t resses  as  the  capp ing  d r ied .  Fur the r  
resea rch  i s  r equ i red  to  p roduce  a  method  o f  es t imat ing  s i t e  va lues  fo r  
capp ing  s t i f fness .  

 
Subgrade  s t i f fness  measurements  exh ib i t ed  re la t ive ly  h igh  va r ia t ion  
wi th  a l l  th ree  dev ices ,  desp i te  the  fac t  tha t  the  subgrade  cou ld  be  
regarded  as  be ing  reasonab ly  cons i s ten t .  F igure  2  shows  the  s t i f fness  
read ings  on  the  subgrade  fo r  Row A.  The  var iab i l i ty  obse rved  was  
a t t r ibu ted  to  bo th  na tu ra l  va r ia t ions  in  the  subgrade  and  d i f fe rences  
be tween  dev ices  inc lud ing  ra te  o f  load ing ,  t r ansducer  type ,  ana lys i s  
method  and  adequacy  o f  p la te /g round  con tac t .  Th i s  va r iab i l i ty  
i l lus t ra tes  the  p rob lems  of  ob ta in ing  repea tab le  measurements  o f  an  
abso lu te  va lue  o f  subgrade  s t i f fness  fo r  compar i son  wi th  a  t a rge t  va lue .  

 
S t i f fness  read ings  fo r  the  TFT and  FWD on  top  o f  capp ing  typ ica l ly  
exceeded  the  s i t e  t a rge t  va lue  se t  fo r  the  compos i te  founda t ion  s t i f fness  
o f  50  MPa .  An  unusua l  r esu l t  i s  exh ib i t ed  by  Bay  10 ,  though  th i s  was  
p robab ly  caused  by  the  p resence  o f  backf i l l  to  a  bur ied  se rv ice .  The  
LDT va lues  however  typ ica l ly  fe l l  be low th i s  t a rge t  va lue ,  ye t  the  
exce l l en t  pe r fo rmance  o f  the  t r i a l  road  sugges t s  tha t  the  t a rge t  va lue  se t  
fo r  t e s t ing  by  the  LDT (on ly )  shou ld  be  reduced .  



 8

0

10

20

30

40

50

60

70

1 2 3 4 5 6 7 8 9 10 11 12
Bay No.

St
iff

ne
ss

 (M
Pa

)

TFT
FWD
LDT

Figure  2 .  Comparison  of  Measured  St i f fness  a long  Row A on  the  
Subgrade  (Three  Tes ts  a t  a  S ing le  Po int )  
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Figure  3 .  Comparison  of  Measured  St i f fness  a long  Row A on  the  
Surface  o f  the  Capping  (Three  Tes ts  a t  a  S ing le  Po int )  
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Figure  4 .  S t i f fnesses  Measured  by  the  TFT and LDT Compared  wi th  
that  Measured  by  the  FWD on the  Capping  and Subgrade  

The  tes t  da ta  f rom each  o f  the  dev ices ,  when  tes ted  a t  the  same po in t ,  
were  p lo t t ed  aga ins t  those  f rom the  FWD to  seek  a  cor re la t ion  be tween  
dev ices .  An  example  i s  p resen ted  in  F igure  4 ,  which  inc ludes  da ta  on  
bo th  subgrade  and  capp ing .  I t  shows  tha t  r e la t ive ly  poor  cor re la t ion  to  
the  l ines  o f  bes t  f i t  a re  ob ta ined  ( i . e .  R<0 .8) .  The  LDT showed  less  
sca t t e r  than  the  TFT,  a l though  th i s  migh t  be  pa r t ly  due  to  the  da ta  
smooth ing  tha t  occurs  dur ing  i t s  da ta  p rocess ing  rou t ine .  The  TFT 
measured  s t i f fness  va lues  were  genera l ly  90% of  those  measured  wi th  
the  FWD,  whereas  those  wi th  the  LDT were  approx imate ly  50% of  the  
FWD measurements .  

 
CONCLUSIONS AND RECOMMENDATIONS 

A per fo rmance  based  spec i f i ca t ion  for  road  founda t ion  l ayers  would  
p rov ide  g rea te r  a ssurance  o f  adequa te  cons t ruc t ion  and  long- te rm 
per fo rmance .  Th i s  would  a l low the  use  o f  more  marg ina l  capp ing  
mate r ia l s  as  the i r  in - se rv ice  per formance  cou ld  be  assured .  However  i t s  
success  requ i res  accura te  measurement  o f  the  e las t i c  s t i f fness  o f  
subgrade ,  capp ing  and  sub-base  mater ia l s ,  a s  we l l  a s  p rov i s ion  to  
res t r i c t  ru t t ing  under  cons t ruc t ion  t ra f f i c  load ing .  In  pa ra l l e l  wi th  the  
need  fo r  su i t ab le  s i t e  assessment  methods ,  a  l abora to ry  t e s t  i s  r equ i red  
to  measure  the  s t i f fness  o f  subgrade ,  and  idea l ly  a l so  the  capp ing  and  
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sub-base  mate r ia l s ,  under  cyc l i c  load  and  low conf in ing  s t ress ,  to  
inc lude  the  use  o f  measured  s t i f fness  in  a  more  ana ly t i ca l  des ign .  

 
The  capp ing  th ickness  des igned  fo r  the  f i e ld  t r i a l  was  based  upon  
labora to ry  t r i ax ia l  t e s t s  on  the  subgrade .  The  des ign  was  more  than  
adequa te  in  t e rms  of  s t i f fness  and  res i s t ance  to  pe rmanent  de format ion .  
However ,  th i s  may  have  pa r t ly  been  due  to  wea ther  induced  changes  in  
the  subgrade ,  thus  conf i rming  tha t  s i t e  cond i t ions  can  improve  mate r ia l  
pe r fo rmance  in  the  shor t  t e rm bu t  p ruden t  des ign  mus t  a lways  be  based  
on  a  wors t  case  cond i t ion  poss ib ly  tha t  r e la t ing  to  subgrade  equ i l ib r ium 
wate r  con ten t .  Fur the r  fu l l - sca le  f i e ld  t r i a l s  a re  cur ren t ly  underway ,  
wi th  e f fo r t s  focused  on  es tab l i sh ing  lower  bound  l abora to ry  and  f i e ld  
va lues  fo r  s t i f fness  and  s t reng th ,  a iming  to  des ign  founda t ions  tha t  a re  
c lose  to  o r  a t  f a i lu re  fo r  fu r the r  va l ida t ion  o f  th i s  work .  The  f i e ldwork  
a l so  showed  tha t  s ign i f i can t  sca t t e r  o f  the  da ta  was  p roduced  by  a l l  the  
dynamic  s t i f fness  measur ing  dev ices ,  the re fore  ca re  mus t  be  t aken  in  
se t t ing  t a rge t  va lues  and  f i e ld  t e s t  p ro toco l s .  Mos t  sca t t e r  was  observed  
on  the  subgrade .  

 
The  LDT cons i s ten t ly  measured  a  lower  s t i f fness  (approx imate ly  50%)  
than  the  FWD or  TFT,  whereas  the  TFT measured  s l igh t ly  lower  
s t i f fness  (approx imate ly  90%)  than  the  FWD.  Never the less  the  TFT and  
LDT are  l igh tweigh t ,  por tab le  and  s imple  to  use  fo r  repea ted  t es t ing  
and  p rov ide  a  po ten t i a l ly  va luab le  way  fo rward  fo r  s t i f fness  
measurement  in  s i tu .  
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