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Research   Board  m Washmgton, D  C 
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LOAD  TRANSMISSION  THROUGH FLEXIBLE  PAVEMENTS* 
THE  EFFECT  OF BASE-COURSE  QUALITY ON 

SUMMARY 

Representatlve  test   data  from  the  load-transmIsslon  proJect  l l lustrate  the  relative 

Anguiar  materlals  such as crushed  s tone  or   crushed  s lag  are   par t lcular ly   effect lve In the  lower 
effectlveness of typlcal  base  and  subbase  materlals m protectlng  the  subgrade  from  overstress 

layers  of  the  pavement,  where  thelr  shearlng  reslstance 1s greatly  augmented  by  the  conflnlng 
effect of the  upper  layers 

reference t o  t r lav la l  tests, and  there 1s hope  that  such  correlatxon  can  be  estabhshed  on a 
quanttltatlve  basls  It IS Important  that  the  trlaxlal  loading  rate  and  the  condltlon of the 
specimens at   the   t lme of t e s t  be conslstent with service condltlons  expected In the  pavement 

Knowledge of the  comparatlve  values of avallable  pavmg materlals wlll  enable  the 

Natural   competlt ive  forces  then  wlll   determme  the  best   deslgn  for a glven  constructlon  area 
designer  to establish alternate  deslgns of flexlble  pavements  whlch  are  truly  equlvalent 

Slgmflcant  savmgs  may  be  posslble  by  mtelllgent  selectLon of the  most  economlcal  materlals 

The  relatlve  effectlveness of a wlde  varlety of materlals  can  be predicted quahtatively  by 

INTRODUCTION 

Most  orgamzatmns  engaged In the  deslgn  and  constructlon of flexlble  pavements  have 
developed empirical o r  semlemplncal   methods  for   determlnlng  the  total   th lckness  of pavement 

surface  They  also  have  prepared  speclflcatlons for  the  surface.   base,  and subbase   ma tena l s  
consldered  necessary to protect  the  subgrade  from  high  stresses  Imposed  on  the  pavement 

necessary  to  resist   Internal  fallure  Surprlslngly  l l t t le  thought  appears to  have  been  glven  to 
In order   to   be  sure   that   the   var lous  layers  of  the  pavement w ~ l l  have  the  mlnlmum  strength 

the  posslblllty of decreasmg  the  total   pavement  thlckness  by  usmg  materlals of a quallty 
somewhat  hlgher  than  these  mlnlrnum  requxrements 

cause of  pavement  quallty  versus  thxckness  and  that  at  least  one  organlzatlon  has  made  an 

s ta tes ,  "In Instances  where It mlght  prove  economxcal  from a construct~on  standpomt,  the  depth 
effor t  to  Incorporate  thls  factor  Into I t s  deslgn  method  The CAA Alrport   Pavmg  Manual (1948) 

Inches of base  for 1 Inch of surface  Also,   the  thlckness of base  course  may be Increased  and 
of bltum1nous  surface  may  be  Increased  and  substltuted  for  base  course on the  ratlo of 1 1/2 

substltuted  for  subbase  on  the  ratlo of 1 1/2  Inches  of  subbase  for 1 Inch of base " 

pavement  quahty 1s Included  automatlcally.   provtded  the  tr lal   section  uses  the  same  matenals 

the  effect of pavement  quallty  has  been  generally  Ignored  In  the  conslderatlon of pavement 
contemplated  for  posslble  use In  constructlon  Desplte  these  encouraging  exceptions.  however, 

thlckness 
Through  the  operation of the  load-transmlsslon  prOJect  by  the  Clvll Aeronautics Admints- 

tratlon  and by the  Navy  Bureau  of  Yards  and  Docks,  quanhtatlve  data  on  the  effectlveness of 
typlcal  base  and  subbase  materlals  are now becommg  avallable A study of t r laxlal   tes ts  of the 

t e s t  procedures Thls  would mean that  the  value of a m a t e n a l  In  protectlng  the subgrade  f rom 
same  mater la l s  also indicates  the encouraglng  posslblhty of dlrect   correlat lon between  the  two 

overstress   could  be  determlned  by  use of the  comparatlvely  slmple  tr laxlal   test   Such 
InformatLon,  comblned  wlth  cost  data on avallable  materlals,  would  enable  the  deslgn  engmeer 
to  select   the  most  economlcal  deslgn for  any  glven  condltlon 

Although  the  testmg  and  analysls of data are far from  complete,   sufflclent  progress  has 
been  made  to  warrant a progress   report   a t   th ls   t lme  The  purposes  of this  report  are (1)  to 
focus  attentlon  on  the  need  for  consldenng  pavement  quahty as well  as  thlckness.  (2 )  to  indlcate 
quantltatively  the  comparatlve  effectlveness of some  common  pavmg  materlals  when  used as 

In fal rness ,  It should  be  noted  that a few lndlvlduals  have consistently champloned  the 

When  deslgns  are  based on load-bearing  tests of t r d  pavement sections, the  effect of 

*Manuscript submltted  for  publlcatlon  Aprll 1955 
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N O I E  
b WHEEL L O l O  aPPLIE0 TO THE P A V E M E N T  SURFACE OVER I N  &REA U -0 15 
T R I N S ~ I l l E O  LND DISTRIBUTED THRU THE SURFICE A N 0  B.5E C O U R S E  THlS  
PRODUCES VLRTING PRESSURES 1ND DEFLECTIONS  OVER 4 L A R G E R   b R E L  b--b ON 

" Y E C l l l N l C b L  S U B G R b O E  OR FLOORING COYPOSED OF 3600 SMALL  STEEL  PLATES 
THESE I R E  MOUNTED ON PLUNGERS  AN0  CALIBRATED  SPRINGS IN SUCH b M I I N N E R  bS 

OF T H E  UNIT P R E S S U R E S  I R A R S M I T T E D  TO THE SUBGRhOE 
TO S I M U L A I L   A  SUBGRADE OF THE D E S I R E D  S T R E N G T H  AN0 TO PERMIT  MEASUREMENT 

THE SUBGRADE IN THIS  TEST,  THE N A T U R A L  SUBGRLOE os R E P L ~ C E O  ny I 

F1g 1 Load-Transmission Testmg Rlg  

base or subbase, and ( 3 )  to lndlcate  the posslblhtles of correlatlng  trlavial and load- 

w ~ l l  appear ~n subsequent reports 
transrnlsslon  test  results f rom a wlde  varlety of rnaterlals  More  complete  data and analyses 
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F l g  2 General  View - Load-Transmlsslon  Apparatus 

TESTING  APPARATUS AND METHODS 

The  load  transmlsslon  proJect 1s bemg  carrled  out  at  the Technical Development  and 

the  proJect conslsts of a s e n e 5  of statlc  loadmg  tests  conducted  under  laboratory  condltlons on 
Evaluatlon Center of the  Clvd  Aeronautics  Admmlstratlon at Indlanapohs In s lmples t   t e rms ,  

full-scale  pavement  sections  The  natural  subgrade 1s replaced  by a flexlble  platform  ten  feet 
square Thls 1s composed  of 3 6 0 0  steel  plungers  placed  in 6 0  rows  of 60 each.  each  plunger 
bemg  supported  by a cahhrated  s teel   spr lng  The  s ldes  of the  platform  are  confmed  by  wooden 
bulkheads  Provlslons  are  made  for  measurlng  the  deflectlon of each  plunger  under  any  loadmg 
condltlon 

through  an   a l rp lane   t l re  or  rlgld  plate,  and  deflections of the  Indlvtdual  subgrade  segments  are 
measured  Deflectlons are converted  to  values of ver t lca l   s t ress   by   means  of callbratLon  curves 
F lgure  1 1s a schematic sketch of the  apparatus,  and  Flg 2 IS a general  photograph of the 
art lf lclal   subgrade  wlth a partlal   pavement sectlon In  place  and a t l r e  In  loadmg  posltlon 

case  of a clrcular  plate  or  the  oval  tmprmt of an  alrplane tire. I t  IS necessary  t o  measure  the 
subgrade  pressures  only  along  the  maJor  axes of loadmg In o r d e r  to get  an  adequate  plcture of 
the  pressure  d1strlbutlon  Flgure 3 IS a typical  graph  showlng  the  longltudmal  and  transverse 

t l r e  on top of the  pavement  sectlon 
dlstributlon of vertlcal   pressure  caused  on  top of  the  artlflclal  subgrade  by a loaded  alrplane 

thickness of the  same  mater la l  or because of use of a better matenal ,   the   load would  have 
been  spread  over a larger a r e a  of subgrade  and  the  maximum  stress  under  the  center of load 
would  have  been less Thls  rnaxlmum  subgrade  reactlon r then  becomes a convenlent  Inverse 
measu re  of pavement  effectlveness  under  any  given  loadmg  condltlon  Conversely,  the  load 
requlred  to  produce a given value of r wl l l  give a dlrect   compartson of pavement  effectlveness 

In  operatlon, a test   pavement 1s constructed on the  artlflclal  subgrade,  load 1s apphed 

If the  contact  area of the  loadlng  medlum IS slmple and symmetr lcal  In shape, as in  the 

Had  the  pavement  been  more  effecttve  in  dzstrlbutlng  the  applled  load,because of greater  
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Fig  3 Typlcal  Pressure-Dlstribution  Pattern 

Although  the  value of r for   any  speclf lc   tes t  1s a functlon of many variables, thls   report  wlll be 
concerned  only  wlth  the  effect of pavement  quall ty  versus  pavement  thlckness 

The  t r laxlal   tes t  1s used  to   measure the physlcal  strength of the materials used  ln  the 
load-transmlsslon  testmg  program An attempt 1s made to prepare  t r laxlal   samples  corre- 
spondlng  to  each  pavement  test  sectlon ~n gradatlon,  denslty,  and  molsture  content  Speclmens 

hlgh,  but  most of the  asphaltlc  concrete  speclmens  have  been 4 Inches  In  dlameter  by 8 Inches 
composed  of   granular   matenals   are   usual ly   constructed 10 Inches m dlameter  and 2 0  Inches 

In helght 

F1g 4 Trlaxlal   Test   Data  - Relatlonshlp of Pr lnc lpa l   S t resses  
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angle  of  Internal  frlrtxon of the  materlals  by  means of  the  Mohr  dlagram In mos t  c a s e s .  
In  the  early  part  of the  program  an  attempt  was  made to determme  the  coheslon  and 

however,   these  values  were  lndetermmate  because  the  Mohr  envelope was curved  I t   was 
decided.  therefore.  that  the  slmplest  method of descrlbmg  the  strength  characterlst lcs of a 
materlal   was  to  construct  graphs  showlng  the  relatlonshlp of pr lnc lpa l   s t resses   a t   fa l lure  
Typlcal  curves  are  glven  In  Flg 4 

reports l .2~3.4.   to   whlch  the  reader  IS referred  for   more  complete   mformatlon 
The  foregolng  lnformatlon  has  been  condensed  from  materlal  appearmg  In  prevlous 

DESCRIPTION O F  MATERIALS  TESTED 

Normal   Gravel  

reasonably  well   graded,  wlth  almost  100  per  cent  passmg  the  1-Inch  sleve  and  an  average of 
The  mater la l   used  In  a large number of the  tes ts   was a parttally  crushed  plt   gravel 

about 10 per  cent   passmg  the No 200 s ~ e v e  (by wuashlng) It  1s typlcal of base-course  mater la l  
used extensively In  the  Unlted  States For  thls  reason,  I t   was  chosen a5 the   s tandard  mater la l  
agalnst   whlch  other   mater la ls   were  ra ted 

m gradatlon of the  gravel   recelved In dlfferent  shlpments  Thls,  together  wlth  vanatlons In 
denslty  and  molsture  content  whlch  occurred  In  the  mlxlng  and  placement of some  pavement 
sect lons,   resul ted m wtde  strength  varlatlons  In  the  standard  materlal  Such  varlatlon  makes 
It necessa ry   t o   exe rc~se   g rea t   ca re  In uslng  for  dlrect   comparlson  only  those  gravel  pavements 
whlch  actually  were  normal  In  composltlon  and  behavlor  In thls report ,   the  descrlptlve term 
"weak" has been addecJ to a few gravel  sectlons whxch were  defmltely below average In the 
t n a x l a l   t e s t s  

Clay-Gravel 

a few whlch were made  mtentlonally  weak  by  the  addltlon  of  surplus  hne  materlal  and a hlgher 
percentage of water  These  were  lntended  to  represent  the  poorer  clay-gravels  often  used  for 
subbase  and  somettmes  allowed  In  base-course  constructlon 

Sand 

fme  noncoheslve  materlals It would pass  many  subbase  speclflcatlons 

Crushed  Stone 

cent   passmg  the No 200 sleve  Although  the  llmestone  possessed  llttle  true  coheslon as used. 
The   c rushed   l~mes tone   was   wel l   g raded ,  wlth a top size of 1 1/2  Inches  and  about 10 p e r  

It showed  hlgh  s t rength  a t   low  la teral   pressures  In the  t r laxlal  test because of good lnterlockmg 
of partzcles 

Thls   mater la l   proved  to   be a rather  unfortunate  cholce,  because  there  was  large  varlatlon 

In  addltlon  to  the  gravel  sectlons  whlch  were  weak  from  accldental  causes,  there  were 

The  sand  used In these   t es t s   was  a relatlvely  clean  concrete  sand,  selected  to  represent 

Pavlng  and  Base  Courses,  Part I ,  A Description of  the  Testxng  Apparatus,  Operatlng  Methods, 
and  Antlclpated  Uses of Test  Data," CAA Technlcal  Development  Report No 108. Aprl l  1950 

'Raymond C Herner   and Wllllam M Aldous,   "The  Load  Transmlsslon  Test  for Flexlble  

2Wllliam M Aldous,  Raymond C Herner.  and M  H Prlce,   "The  Load  Transmlsslon Test  
for   Flexlble   Pavmg and Base   Courses .   Par t  11, Tnax la l   Tes t   Da ta  on  Structural   Propert les  of 
Granular   Base  Mater la ls ,"  CAA Technlcal  Development  Report No 144,  June  1951 

Test   for   Flexlhle   Pavmg  and  Base  Courses ,   Par t  111, Load  Dlstrlbutlon  through  Gravel  Bases 
to a Weak  Subgrade," CAA Technlcal  Development  Report No 203, June 1953 

3Wll l~am M Aldous, M  H P r x e ,  and  Walker L Shearer ,  Jr , "The  Load  Transmrsslon 

4Raymond C Herner ,   "Progress   Repor t   on   Load-Transmlss lon   Charac te r l s t ics  of 
Flextble  Pavlng  and  Base  Courses,"  Hlghway  Research  Board  Proceedings, Vol 31,  1952 
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Flg  5 Longltudmal  Load-Dlstrlbutlon  Pattern  for  Varlous  Base-Course 
Mater la ls  - 24-mch  Thlckness,  20-klp  Load,  100-psl  Inflatlon 
P r e s s u r e  

unlformlty  The  resultant  materlal   was  typlcal of a well-graded,  hlgh-grade  crushed-stone 
base course 

Crushed  Slag 

no  mmus-200  materlal  and  wlth  no  cohesion  The particles also  were  more  blocky In shape 

usmg a macadam  type  of  construction  The  coarse fraction. 1-Inch  to 1 1/2-1nch S I E ~ .  was 
placed  In   4-~nch  layers .   then  fme  s lag,  all passmg  the No  4 sieve, was  vxbrated  Into  place 

for  a gap-graded  rnaterlal  practlcally  devold of fmes  passlng  the No 200 s ieve  The  t r laxlal  
The  resulting  mlxture  had a dry  denslty of about 130 pounds  per  cublc  foot  whlch  was  adequate 

pressure  was  Increased 
speclmens  would  hardly  stand  when  unconfmed  but  Increased  raptdly  In  strength as the  la teral  

Asphaltlc  Concrete 

ment  tests  reported  hereln  I t   was  obtalned  from a commerclal  hot-mlx  plant m regular pro-  
A rather  open-graded  ,mder-course  matenal  was  used  for  the  asphaltlc  concrete  pave- 

duct lon  for   s t reet  and  hlghway  work  The  aggregate  for  thls  mlxture  was a blend of partially 
crushed  gravel and  sand  The  resultmg  blend  was  gap-graded, wvlth very  httle mater la l  In  the 
No 4 to  No 8 range  and  very  llttle  passlng  the No 200 s leve  Five  per   cent  of BO-penetratlon 
asphalt   cement  was  used A denslty  of 145  pounds per  cublc  foot  was  obtalned  by  means of 
vlbratrry  compactlon  and  pneumatlc  tampmg 

than  allowed  by  many  speclflcatlons  Trlaxzal  specimens  tested at room temperature  showed 

la te r  
a wide  varlatlon  In  strength  when  tested at dlfferent  rates of loadlng  This  will  be  dlscussed 

A blend  of  three  fractlonal slzes of stone  was  used  in  these  tests In order  to Insure 

The  crushed  slag  was of  the  same  top s ~ z e  as  the  crushed  lulmestone.  but wulth practlcally 

In order  to  avold segregation due  to  lack of cohesion,  the  slag  was  placed uln two sizes, 

The  average  Marshall   stabll l ty of the  mlxture  was  1170  with a flow  of 28, whlch 1s hlgher 

EFFECT O F  PAVEMENT  QUALITY ON SUBGRADE PRESSURES 

Flgure 5 graphlcally  portrays  the  effect  of  pavement  quahty In reducmg  the  vertlcal  
pre=sures   t ransmlt ted  to   the  subgrade  Each  curve  shows  the  measured  dls t r lbut lon of sub- 
grade  pressure  along  the  .ongltudmal  axzs of the  t lre  contact  area for a dlfferent  test  pave- 
ment In  eacb  :ase  the  applied  load IS 20 klps,  the tlre mflat lon  pressure 1s 100 psl,  and  the 
total  pavement  l’nckness IS 24 lnches 
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Flg 6 Longltudlnal  Load-Dlstrlbutlon  Pattern  for  Varlous  Base-Course 
Mater ia ls  - 16-lnch  Thlckness,  10-klp  Load,  100-psl  Inflatlon 
P r e s s u r e  

Each  curve  represents  data  from  only  one  test   sectlon and may be  subJect  to  mmor 
revlslon as m o r e  test   data  are  accumulated and averaged  The  lndlcated  dlfferences  In 
performance are large  enough,  however,  to  overshadow  any  probable  eaperlmental e r r o r  
M o r e o v e r ,  the  dlfferences  appear  very  loglcal  when  one  conslders  the  nature of t he   ma tena l s  

confinmg  pressures m the   t nax la l   t e s t ,  1s also  the  weakest  In  the  load-transmlsslon  test  The 
clay-gravel,   wlth  excess fmes and moisture. 1s httle  better  On  the  other  hand,  the  crushed 

fmement   present  In  the  24-1nch  depth  of  pavement  The  normal  gravel IS d e r m e d l a t e   i n  
slag  and limestone, wlth  sharp  angular  partlclea,  show  up  well  under  the  hlgh  degree of con- 

effectlveness,  and  the  composite  sectmn  wlth  an  8-Inch  gravel  base on a 16-lnch  sand  subbase 
very properly  falls   between  the values for  these  two  rnaterlals 

used   for   these   compansons  H e r e  agam,  the  crushed  slag  and  stone  are  the  most  effectlve 
Slmllar  mformatlon  from 16-1nch pavement  sectlons IS glven  In F l g  6 A 10-klp  load 1s 

The  pavement  sectlon  composed  entlrely of sand,  wlth  consxstently low strength at all 

Flg 7 Longltudmal  Load-Dlstrtbutlon  Pattern  for  Varlous  Base-Course 
Mater la ls  - 8-Inch  Thlckness,  5-klp  Load, 1OO-ps1 Inflatlon 
P r e s s u r e  
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m a t e r ~ a l s  but  have  changed  places In the  ratmg  Although  thls difference 1s m m o r  and  may  not 
be  slgnlflcant, I t  1s loglcal  In  mew of the  lower  degree  of  conflnement In the  16-lnch  pavement 

molsture  a llttle  hlgh)  gave  the  poorest  performance of the  16-mch  group,  whereas  the 
and  the  coheslonless  nature of the  slag  The  weak  gravel  sectlon  (denslty a ht t le  low and 

composite stone-and-sand  section  fell  Into Its loglcal  mtermedxate  posltlon 

those  found  In  the  thlcker  pavements  Thls 1s  only natural .   because  the  thm  pavement  does  not 
provlde  suffxcient  confmement  to  bnng  out  the  potentla1  effectlveness  of  th?  angular  crushed- 
slag  and  l lmestone  matermls  The  crushed  stone 1s st111 the  best   materlal  because of Its good 
Interlock,  even at low  degrees of conflnement  The  slag,  however, 1s now hardly  as  effectlve 
as the  normal  gravel  The  weak  gravel  and  the  clay-gravel  are relatively meffectlve  Although 
there  1s no correspondlng  sectlon  constructed of sand,   there   are   data   aval lable   f rom tests at 
other  Inflation  pressures  Indlcatlng  that  such a sectlon  would be very  meffectlve  also 

The  performance of the  8-lnch  asphalt,=-concrete  sectlon  barely  equaled  that  expected 

whlch  may  prove  surprlslng to  many,  may  be  explamed  by  the  dlffetences  In  propertles of the 
of normal  gravel,   whlch  conflrms  I lmlted  test   results previously reported  These  results.  

various mater la ls   tes ted  The  granular   mater la ls ,   whtch  support   loads  largely  through  Inter-  
action between  dlscrete  particles,   tend to  behave  In a semlelastlc  manner  when  loaded 
Movement  ceases  soon  after  loadlng,  and  there 1s measurable  rebound  when  the  load IS removed 
The  asphaltlc  concrete, on t h e  other  hand,  behaves  as a very  viscous solrd On appllcatlon of a 
s ta t lc   load,   as  m the  load-transmlsslon  test ,   plastlc flow may  contmue  for  several  hours  before 

of s t r a m ,   t h e r e  IS a wde   va r l a t lon  In apparent  shear  strength,  dependlng  upon  the  loading  rate 
a state of e q u h b r l u m  1s approached  In   t r laual   tes ts ,   wl th   the  load  apphed  a t  a constant  rate 

selected 

In  excellent  papers by  N1Jboer6  and McLeod?  NlJboer  glves  values of dynamlc  shear  moduh 
more  than  f lve  t lmes  as  hlgh  as  those  for  statlc  loads It 1s apparent,   therefore,   that   the 
quantltatlve  data  on  pavlng  matenals  presented  herem  can  be  applled  dlrectly  only  to  those 
deslgn  problems  where  the  crl t lcal   loads  are  el ther  statlc or  slow-rnovmg 

The differences found  In  comparlsons  of  8-lnch  pavements,  Flg 7, are not a s  great  as 

Thls  phenomenon of vLscous  flow In as haltlc  concrete  has  been  dtscussed  quite  thoroughly 

CORRELATION O F  LOAD-TRANSMISSION 
AND  TRIAXIAL  TEST  RESULTS 

A fur ther   s tudy of F lg  4 reveals  the  excellent  manner ~n whlch  the  protectlon of the 
subgrade  by  vanow  pavement   sect lons  has   been  predxted  by  t r laxlal   tes ts  of the  same 
rnaterlals  The  strength  curves  for  crushed  stone,   normal  gravel,   and  sand  are  generally 

tests If these tests are  lndlcatlve of what  may be  expected  In  the  pavement  loadlng  tests,  the 
parallel  and  defnntely  separated  throughout  the range of la te ra l   p ressures   used  In  the  trlaxlal 

crushed  stone  should  glve  the  best  performance of these  three  mater la ls .   regardless  of  pave- 
ment  depth,  and  the  sand  should  glve  the  worst  It  has  been  shown  that  thls  was  conslstently 
t rue  

p r e s s u r e ,  and continues upward  to  cross  the  crushed  stone  curve  at  about  2-psl  lateral 
p r e s s u r e  Upon reference  agam to the  load-transmlsslon  data  glven  ln  Flgs 5 to 7, I t  appears  
that   cornparatlve  performances of 8-1nch pavements  could  be predicted quahtatlvely  at   least   by 
runnmg  t r laxial   tes ts  of the  mater la ls   a t  a l a t e ra l   p re s su re  of about 0 5 PSI Simllar   com- 
parlsons  for  16-mcb  pavement  could be made by  runnlng  tests  at  about 1 5 PSI,  whereas 
comparlsons  for  24-mch  pavements  would  requlre  trlaxlal  tests  at  about 2 5 p s ~  

In  the  tnaxlal  test whxch reflects  the  average  over-all  degree of confmement  exlstmg  In a 

The  t r laxlal   curve  for   s lag  s tar ts   low,  crosses the  gravel  curve at about 0 5-psl   lateral  

In  the  precedmg  paragraph,  an  attempt  has  been  made  to  select a single   la teral   pressure 

Deslgn of Asphalt  Roads,"  Hlghway  Research  Board  Proceedlngs.  Vol 3 3 ,  1954 
6L W NlJboer.  "Mechanical  Propertxes of Asphalt  Road  Materials  and  the  Structural 

Research  Board  Proceedmgs.  Vol  29,  1949 
'Norman W McLeod,  "The  Ratlonal  Deslgn of Bltummous  Pavlng Mixtures." Hlghway 



F l g  8 Quahty  Versus Thickness for  Equal  Load  Dlstrlbutlon-  20-klp  Load, 
1OO-psl T ~ r e   P r e s s u r e  

pavement of glven  depth  Thls  would  he  appllcable  only  to a smgle-layered  pavement  uslng 
the  same  mater la l   for  Its entlre  depth  In multiple-layered pavements  composed of dlfferent 
surface.   base.  and  subbase  materlals, I t  wlll  be necessary  to es tabhsh   the   l a te ra l   p ressure  
correspondmg  to  the  degree of confinement a t  any  depth In the  pavement  structure  After 

necessary  to combme  these  flgures  Into  an  over-all  ratmg  for  the  entue  pavement  structure 
evaluatmg  each  layer of mater la l   accordmg to Its posltlon  In  the  pavement, It then w ~ l l  be 

evaluatlon  can be worked  out  and  that It wlll  be  sxmple  enough  for  practxal  use  More  testlng 
Enough  work  has  been  done  to  warrant a hope  that  such a quantltatlve  method of 

and  analysls r e m a n  to  be  done,  however,  before  thls  phase of the  proJect  can  be  reported 

wlth  load-transmlsslon  tes t   data  ThLs was  due  to  the VLSCOUS effect previously mentioned 
per  mlnute)  used  for  granular  materlals,   the  apparent  strengths  were too hlgh  for  correlatlon 

Through a series of supplementary tests I t  was  found  that  mcreaslng  the  rate of stram by  a 
factor of 10 Increased  the  apparent  strength of the  asphaltlc  speclmens by  50 to  100 per  cent, 
whereas a slmllar  change  In  rate  for  granular  speclmens  Increased  the  values by only  about 
10  to 2 0  per  cent  In  order  to  obtain  comparable  results I t  was  found  necessary  to  reduce  the 
ra te  of stram  to  about 0 0 2  per  cent  per  minute  when  testlng  asphaltlc  samples  The  asphaltlc- 
concrete  curve  shown In F lg  4 was  obtamed  by  lnterpolatlng  between  tests  run at hlgher  and 
lower  rates of s t ra ln  

When  asphaltlc  trraxlal  speclmens were tes ted  a t   the   same  ra te  of s t r a m  ( 0  5 per  cent 

ECONOMIC  SIGNIFICANCE O F  DIFFERENCES 
IN  BASE-COURSE  QUALITY 

H e r e   a r e  two pavements  supportmg  the  same  load ( 2 0  klps).  wlth  the  same  tlre  lnflatlon 
p r e s s u r e  (100 PSI),  and  yleldmg  very  nearly  the s a m e  pressure   pa t te rn  on  the  subgrade  One 
pavement, of conventtlonal  constructLon, 1s 24 Inches thzck, the  other.   uslng  superlor  materlal ,  
1s only  16  Inches  thlck but IS domg a sllghtly  better Job of protectlng  the  subgrade 

test   data  not  Included  herem, It 1s possible  to arrive at thlcknesses of dlfferent  materlals  and 
combmatlons of materlals  whlch  mlght  he considered equlvalent  In  value  under a glven  design 
condltlon  Ftgure 9 shows  such  equlvalent  deslgns  for a 15-klp  load  on a soft   subgrade,  the 

for  each  type of constructlon  are  also  glven  These costs   are   based  on  pnces m the 
subgrade  pressure  to  be llmlted  to a maxlmum of 12 psl   Estlmated  costs  per  square  yard 

Indlanapolls  area  and  are  Intended  only  for  purposes of l l lustratlon 

The  comparatlve effectiveness of dlfferent  materlals 1s Il lustrated  very  forclbly In F l g  8 

By  mterpolatlng  between  test  values  glven  In  thls  paper  and  wlth  some  reference  to  other 
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Flg  9 Economlc  Comparlson of Equivalent Pavement  Sectlons 

Because  sand 1s very  cheap  In  thls  area,  bemg a plentiful  by-product  of  gravel  pro- 
ductlon.  the composite sectlon  usmg  sand  as a subbase 1s estimated as the  cheapest  construc- 
tlon  shown  Crushed  stone  should  be  competltlve  wlth  gravel.  even at a hrgher  prlce  per umt 
of volume  There  would  be no  advantage  ln  speclfymg  clay-gravel m thls area. as the  natural 
product 1s relatlvely  clean  and  the  prlce  dlfferenttlal 1s small   The  crushed  slag  would  be  out 
of the  questlon  because of hlgh  shlppmg c o s t s  

lar ly   those  where  the  bet ter   mater la ls   are   local ly   aval lable  and do not  have  to  overcome a 
large  dlfferentlal  In f re lght   costs  In  any  event,  we a r e  now obtamlng  data  whlch wlll  allow  the 
pavmg  englneer  to  prepare  deslgns  whlch  are  really equivalent from  the  standpomt of subgrade 

most  economlcal deslgn  for  any glven  locahty 
protectlon  The normal   forces  of  competltlon  may  then  he  depended on for  selectton of the 

The  reader  can  readlly  vlsuallze how the  plcture  mlght  change  for  other  areas.   partlcu- 

CONCLUSIONS 

The  prmclpal  pomts of thls   report   may  be  summarlzed  as  follows 

s t ruc ture  1s affected  to  an  Important  degree  by  the  physlcal  characterlstlcs of the  base  and 
1 Subgrade  pressure  dlstrzbutlon  caused by appllcatlon of statlc  loads  to a pavement 

subbase  materzals 
2 Angular  coarse-graded  matermls are particularly effectlve  In  the lower layers  of the 

pavement  structure  because of the  conflnmg  actlon of the  upper  layers 

predicted qualltatlvely  by  study of trmxlal  data  Wlth  sufflclent  test  InformatLon,  there 1s hope 
3 The comparative performances  of various mater la l s  In protectmg  the  subgrade  can  be 

that  the  comparlson  may  be  made  quantltatlve 
4 The  performance of VISCOUS rnaterlals  such as asphaltxc  concrete v a n e s  wldely  wlth  the 

much  hlgher  therefore,   than  thelr   ratmgs  under  statlc  loads 
ra te  of  loadlng  The  ratmgs of such  materlals  under  short-duratlon  dynamlc  loads  should be 

rnatermls  are avallable  at   prlces  approachmg  those of infer ior   mater la ls  
5 These  findlngs are of  economlc  slgnlflcance m any construction area  where  hlgh-quallty 

In  applymg  the  data  and  concluslons  to  hls own speclflc  problems,  the  pavement  deslgner 
IS urged  to  keep In  mlnd  that   the  load-transmlsslon  data  reported  herem  were  obtamed  from 
statlc loads  wlth  the  pavement  sectlons  supported  by a weak  mechamcal  subgrade H e  should 
remember  a lso  that   there   may  be  wlde  dlfferences In physlcal  characterlst lcs of materlals  of 
the same  general   type  Any  matenal  contemplated  for  use  should  be  tested  tr laxlally.  
therefore,  under  condltlons  approachmg  those  expected  in  actual service If these  llmltatlons 
are  observed.  the  data  have  great  potentla1  value  In  pavement  deslgn 
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