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E EFFECT OF SUBLAYER SUPPORT ON THE 

ATTAINMENT OF DENSITY I N  AN ASPHAJIT CONCRETE OVERLAY 

The volume of a i r  voids  in  a layer  of asphalt  concrete, 

placed a s  a new pavement s t ruc tu re  o r  a s  an overlay on an 

exis t ing pavement surface, has a major e f fec t  on t h e  ultimate 

d u r a b i l i t y  of t h a t  l a y e r  with t i m e  and t r a f f i c .  Once t h e  

asphalt  concrete mix is la id  by t h e  paver, it is compacted by 

t h e  r o l l e r s .  The purpose  of t h e  compaction process is t o  

i n c r e a s e  t h e  density or  t h e  uni t  weight of t h e  mix, thereby 

reducing the  a i r  void content. Although most asphalt  concrete 

mixtures a re  designed f o r  an a i r  void content in  t h e  laboratory 

of 3 t o  5 pe rcen t ,  the acceptable  l e v e l  of densi ty  on t h e  

roadway, immediately a f t e r  construction, is typical ly  in  t h e  

range of 7 t o  9 percent a i r  voids. 

The degree of density i n  t h e  compacted asphalt  concrete mix 

af fec ts  t h e  performance of t h e  pavement layers. The volume of 

t h e  a i r  voids (inversely related t o  t h e  level  of density f o r  a 

g iven  mixture) governs many character is t ics  and propert ies  of 

t h e  mix. T h e s e  i n c l u d e :  ( a )  f a t i g u e  l i f e ,  (b) permanent 

deformation, (c) d i s t o r t i o n ,  (d) d is in tegra t ion ,  (8) aging of 

t h e  asphalt  cement, and (f)  moisture damage (1). In  every case, 

an increase in  t h e  air void content of t h e  mix increases t h e  

d i s t r e s s  in t h e  pavement s t ruc ture .  



Fat i sue  Life 

The f a t i gue  l i f e  of an aspha l t  concrete  l aye r  is inversely  

proport ional  t o  t h e  a i r  void content  of t h e  mixture. A number 

of s tud i e s  have shown t h a t  a s  t h e  a i r  void content  decreases  -- 
a s  densi ty  increases  -- t h e  number of repe t i t ions  of load t h a t  

t h e  p a v e m e n t  c a n  w i t h s t a n d  b e f o r e  c r a c k i n g  i n c r e a s e s  

s i g n i f i c a n t l y  ( 2 ) .  Depending on mix ture  proper t ies ,  loading 

v a r i a b l e s ,  and environmental conditions, laboratory tests have 

found t h a t  a decrease  in t h e  volume of t h e  air  voids  from 8 

percent  t o  5 percen t  can more than  double t h e  f a t i gue  l i f e  of 

t h e  pavement l a y e r s  (3). A t  high mix a i r  void contents,  over 10 

p e r c e n t ,  t h e  number of load  r e p e t i t i o n s  an aspha l t  concrete  

pavement s t r u c t u r e  can withstand may be only a small f rac t ion  of 

t h e  number of r epe t i t i ons  a t  a low mix a i r  void content ,  under 5 

percent. 

Fo r  r e l a t i v e l y  t h i c k  l a y e r s  of aspha l t  concrete  mix, t h e  

f a t i gue  l i f e  of t h e  material  is governed by t h e  s t i f f n e s s  of t h e  

mix in  a controlled s t r e s s  mode of loading. The mix s t i f f n e s s  

can  be i n c r e a s e d  i n  a number of ways -- by increasing t h e  

c r u s h e d  c o n t e n t  of t h e  aggregate,  by increasing t h e  aspha l t  

cement content  (up t o  some optimum value) ,  by us ing a higher  

v i scos i ty  a spha l t  cement, by using more mineral filler, and by 

using a dense aggregate  grading. An increase  in t h e  dens i ty  of 

t h e  mix w i l l  u s u a l l y  increase  t h e  f a t i gue  l i f e  more, a t  less 

cost,  than any changes t h a t  can be  made t o  t h e  mater ia ls  o r  mix 



design process. 

Permanent Deformation 

The amount of permanent deformation, o r  r u t t i n g ,  which 

o c c u r s  i n  an  a s p h a l t  concre te  pavement is a l s o  inver se ly  

proportional t o  t h e  density of t h e  mixture. Two types  of wheel 

p a t h  r u t t i n g  c a n  o c c u r .  The f i r s t  is a p u r e  v e r t i c a l  

consol ida t ion  o r  compression of t h e  pavement l a y e r s  under  

repeated t r a f f i c  loading. The second is a l a t e ra l  distortion o r  

pushing of t h e  pavement material sideways with a corresponding 

humping-up of t h e  mix jus t  outside of t h e  wheelpaths. 

The f i r s t  type  of permanent deformation is caused by a lack 

of adequate  compaction -- too many a i r  .voids in t h e  asphalt  

concrete mixture. I f  t h e  ro l l e r s  do not apply enough compaction 

e f fo r t  t o  t h e  mix t o  obtain t h e  proper level  of density,  t r a f f i c  

w i l l  qu ickly  compress t h e  pavement material, causing rutt ing.  

I f  t h e  mix design is proper and i f  t h e  correct  leve l  of a i r  

v o i d s  h a s  b e e n  a c h i e v e d ,  v e r y  l i t t l e ,  i f  any, add i t iona l  

densif ication of t h e  material should occur under t r a f f i c .  

The second type  of permanent deformation, accompanisd by 

l a t e r a l  distortion,  is usually caused by a mix design problem 

such a s  too  much asphalt  cement, too much moisture, too l i t t l e  

c rushed  aggrega te ,  t o o  much f i n e  aggregate ,  a t empera tu re  

suscept ible  asphalt  cement, o r  a non-uniform aggregate grading, 



among possible causes. This t y p e  of ru t t ing  fai lure ,  however, 

can be accelerated by a lack of proper density i n  an inadequate 

mix. Increased l a t e r a l  dis tor t ion and ru t t ing  w i l l  occur more 

quickly if  t h e  density of t h e  asphalt  concrete mix is low. Even 

if t h e  mix design is deficient in  some way, a decrease in t h e  

a i r  void content of t h e  mix will in t u r n  decrease t h e  amount of 

rut t ing.  

~ o n g i t u d i n a l  d i s t o r t i o n  o r  shoving of t h e  mix is a l s o  

primarily a mix design problem. The severi ty  of t h e  shoving, 

however, is significantly affected by t h e  amount of density in 

t h e  mix. The shear  s t rength  of t h e  asphalt  concrete mixture is 

controlled in  p a r t  by t h e  a i r  void content of t h e  material. The 

grea ter  t h e  eensi ty  of t h e  mix, t h e  grea ter  t h e  shear s t rength 

of t h e  asphalt  concrete and t h e  more res is tan t  t h e  mix is t o  

l o n g i t u d i n a l  d i s t o r t i o n .  The problem manifes ts  i t s e l f  a t  

intersect ions when t h e  braking action of vehicles occurs a s  w e l l  

a s  i n  t h e  a r e a s  of impact loading on t h e  pavement surface. 

Reducing t h e  a i r  void content In t h e  mix a t  t i m e  of construction 

decreases the shoving of t h e  mix. 

A n  asphalt  concrete mixture w i l l  ravel under t h e  action of 

traffic f o r  one o r  two main reasons -- a lack of asphalt  cement 



content and/or a lack of density. A mix without enough binder 

i n  it t o  hold t h e  aggrega te  pa r t i c l e s  together  w i l l  quickly 

d is in tegra te  under t h e  abrasive forces of t h e  vehicle tires. 

Similarly, a mix with a high a i r  void content w i l l  f a i l  under 

t r a f f i c  by ravelling. The f ines  a r e  usually pulled out of t h e  

mix f i r s t .  This  l eaves  a mix with a much rougher surface 

t e x t u r e  caused by t h e  coa r se  aggregate par t ic les  being l e f t  

exposed. With additional t r a f f i c ,  t h e  coarse par t ic les  a r e  also 

lost .  In  some extreme cases, it is possible t o  wear completely 

through an inch of newly placed asphalt  concrete in  less than a 

week under high volume conditions. 

A mix t h a t  has  both a low asphalt  content and a high void 

c o n t e n t  is prone  t o  ravelling o r  disintegration. An asphalt  

concrete surface course t h a t  has  a relatively low void content 

but  which also has been compacted t o  a low void content w i l l  

serve well under t ra f f ic .  The disintegration of t h e  mix w i l l  be 

much reduced i f  t h e  coarse and f ine  aggregate par t ic les  a r e  

pushed t igh t ly  together. The compaction of t h e  mix decreases 

t h e  amount of f ines  exposed t o  t h e  vehicle t i r e s  and bonds t h e  

f ines  more t igh t ly  together  with t h e  available asphalt  cement. 

Thus a reduction i n  t h e  amount of disintegration is direct ly  

related t o  a g rea te r  amount of density in  t h e  mix. 

Aains 

With t i m e ,  t h e  a s p h a l t  cement i n  an  a s p h a l t  concre te  



pavement l ayer  w i l l  oxidize and become more b r i t t l e .  This aging 

process causes t h e  aspha l t  cement t o  decrease i n  penetra t ion and 

increase  in viscosity.  If  t h e  aspha l t  cement becomes t o o  hard 

and s t i f f ,  c r a c k i n g  can  o c c u r  and t h e  l i f e  of t h e  pavement 

s t r u c t u r e  can be shortened considerably. The r a t e  of oxidation 

of t h e  aspha l t  cement is re la ted  t o  severa l  material  and mix 

c h a r a c t e r i s t i c s ,  i n c l u d i n g  t h e  t h i c k n e s s  of  t h e  b inder  film 

around each pa r t i c l e  of aggregate. 

The densi ty  of t h e  asphal t  cement mix d i r ec t ly  a f f e c t s  t h e  

hardening rate. A s  t h e  a i r  void content  i n  t h e  mix increases,  

t h e  r a t e  of a s p h a l t  cement oxidat ion general ly  increases  i n  

proportion. The change i n  t h e  amount of s t i f fening,  however, is 

more important with a change in air void content  from 4 t o  5 

percent  than  a change i n  a i r  void content  from 9 t o  1 0  percent.  

For an aspha l t  concrete mix with given proper t ies ,  t h e  degree of 

aging o r  oxidation can be reduced by increasing t h e  densi ty  of 

t h e  mix. 

Moisture Damaae 

The amount of moisture damage o r  s t r i pp ing  which occurs  in  

an a s p h a l t  c o n c r e t e  mix tu re  is p r imar i ly  a function of t h e  

sur face  cha rac t e r i s t i c s  of t h e  aggregate. T h e  p rope r t i e s  of the 

a s p h a l t  c e m e n t  b i n d e r  c a n  a f f e c t  t h e  s t r i p p i n g  t endency  

s l ight ly .  The amount of a i r  voids i n  t h e  mix can a f f ec t  t h e  

degree  of moisture damage significantly.  



For s t r i p p i n g  t o  occur,  t h r e e  f a c t o r s  must b e  present. 

F i r s t ,  t h e  aggregates used i n  t h e  mix need t o  be hydrophillic 

( w a t e r  loving) .  Second, t h e r e  must be  a s o u r c e  of water 

available t o  t h e  pavement layers. Third, the re  has t o  be enough 

a i r  voids i n  t h e  mixture t o  allow fo r  t h e  passage of water. By 

decreasing t h e  permeability of t h e  asphalt  concrete mixture, t h e  

a m o u n t  o f  p o t e n t i a l  m o i s t u r e  d a m a g e  c a n  b e  r e d u c e d  

s i g n i f i c a n t l y .  Laboratory t e s t s ,  using t h e  modified Lottman 

i n d i r e c t  tension t e s t  procedure, have shown t h a t  t h e  tens i le  

s t rength ra t io  of a water conditioned mix increases great ly  a s  

t h e  a i r  void content of t h e  mix is decreased (4) .  Indeed, a mix 

t h a t  s u f f e r s  a s igni f icant  degree of moisture damage a t  a 7 

p e r c e n t  a i r  void con ten t  may be  affected little, i f  any, by 

water when t h e  a i r  void content in  t h e  mix specimen is less than 

3 percent (5). 

The amount of a i r  voids in  an asphalt  concrete mixture is 

v e r y  impor tant  i n  bui ld ing  a pavement l a y e r  which w i l l  be 

d u r a b l e  u n d e r  a v a r i e t y  o f  t r a f f i c  and  e n v i r o n m e n t a l  

conditions. A low value of density (high a i r  void content) w i l l  

be detrimental t o  t h e  performance of t h e  m i x .  A low a i r  void 

content, on t h e  other  hand, contributes t o  an increase i n  t h e  

fat igue l i f e  of t h e  pavement s t ructure,  decreases t h e  amount of 

permanent deformation i n  t h e  mix, reduces t h e  dis tor t ion o r  

shoving of the mater ia l ,  l e s sens  the amount of ravell ing o r  



d i s i n t e g r a t i o n  of t h e  mix, r e d u c e s  t h e  r e l a t i v e  d e g r e e  o r  

hardening and s t i f f en ing  o r  aging of t h e  asphal t  cement binder,  

and g rea t ly  l e s sens  t h e  moisture damage which can occur in t h e  

mix containing a moisture sens i t ive  aggregate. 

An aspha l t  concrete  mix must contain vvenoughN a i r  voids t o  

prevent  bleeding o r  f lushing of t h e  aspha l t  cement.   his air  

vo id  content  is usual ly  taken t o  be  i n  t h e  range of 2 t o  3 

percent.  I n  cont ras t ,  t h e  mix should not  contain I1excessvf a i r  

v o i d s  s o  a s  t o  be s u s c e p t i b l e  t o  f a t i g u e  damage, r u t t i n g ,  

s h o v i n g ,  r a v e l l i n g ,  c r ack ing ,  o r  s t r i p p i n g .  T h i s  a i r  v c i d  

content  is typ ica l ly  believed t o  be  above 5 t o  6 percent.  Good 

mix d e s i g n  p r a c t i c e s  u s u a l l y  r e q u i r e s  l a b o r a t o r y  a i r  vo id  

contents  of 3 t o  5 percent ,  using e i t h e r  t h e  Marshall ?r t h e  

Hveem method (6). A t  t h i s  densi ty  level ,  t h e r e  is qvenoughvf a i r  

voids t o  eliminate t h e  bleeding po ten t ia l  bu t  not  an fqexcessw of 

a i r  v o i d s  t o  r e d u c e  t h e  performance of t h e  aspha l t  concrete 

mixture. 



FACTORS AFFECTING DENSITY 

A wide  v a r i e t y  of v a r i a b l e s  a f f e c t  t h e  a b i l i t y  of t h e  

compaction equipment t o  a t t a in  a given leve l  of densi ty  on a 

newly placed layer  of asphal t  concrete (7,8,9). These fac tors  

c a n  b e  d i v i d e d  i n t o  f o u r  ma jo r  c a t e g o r i e s .  The  f o u r  

c l a s s i f i c a t i o n s  include:  (a)  t h e  p r o p e r t i e s  of t h e  materials 

used i n  t h e  asphal t  concrete mix, (b) environmental factors ,  (c) 

c o n d i t i o n s  a t  t h e  laydown site and (d) o p e r a t i o n  of t h e  

compaction equipment (10) .  

The g o a l  of t h e  paving contractor  is t o  achieve a given 

l e v e l  o f  d e n s i t y  i n  t h e  a s p h a l t  c o n c r e t e  l a y e r  b e i n g  

constructed.  The amount of a i r  voids desired in t h e  mix is 

u s u a l l y  s e t  i n  t h e  c o n t r a c t  when q u a l i t y  a s s u r a n c e  

s p e c i f i c a t i o n s  a r e  u s e d .  I n  some c a s e s ,  t h e  d e g r e e  of 

compact ion  is measured a s  a pe rcen tage  of t h e  l a b o r a t o r y  

determined density. I n  o ther  cases, t h e  a i r  void content is 

determined d i rec t ly  a s  a percentage of t h e  maximum theore t ica l  

d e n s i t y  of t h e  mix. I n  e i t h e r  case ,  t h e  t a r g e t  v a l u e  is 

preselected and it is up t o  t h e  contractor  and h i s  ingenuity and 

inven t iveness  t o  obtain t h e  required compaction l e v e l  i n  t h e  

most e f f i c i e n t ,  e f f e c t i v e ,  and economical way. Th ie  is i n  

c o n t r a s t  t o  method t y p e  s p e c i f i c a t i o n s  where t h e  t y p e  of 

compaction equipment used and t h e  r o l l i n g  p r o c e s s  used is 

monitored instead of requiring a given leve l  of density. 



There a re  a number of variables which a re  under t h e  control 

of t h e  c o n t r a c t o r  d u r i n g  t h e  mixing, haul ing ,  p lac ing  and 

compacting process f o r  an asphalt concrete mix. There a r e  also 

a number of fac tors  over which t h e  contractor has  l i t t l e ,  if  

any, control during t h e  construction procedure. Each of these  

var iables  can play a major o r  minor role in  t h e  actual density 

l e v e l  a c h i e v e d .  I n d e e d ,  i n  many i n s t a n c e s ,  t h e r e  i s  

considerable interaction between t h e  factors. The interaction 

s ignif icant ly increases t h e  diff icul ty  in assigning t h e  reason 

f o r  a low density value t o  any one given cause. 

Material P r o ~ e r t i e s  

Assresate. Several  character is t ics  of t h e  coarse and f ine  

aggregate can af fec t  t h e  abi l i ty  t o  obtain t h e  proper leve l  of 

density i n  an asphalt  concrete mixture. One of these  propert ies  

is t h e  angularity of t h e  aggregate o r  t h e  number of crushed 

faces. As t h e  crushed content of t h e  aggregate increases, t h e  

compaction &*fort needed t o  achieve a specif ic  leve l  of density 

also increases. Similarly, i f  a manufactured sand is used in 

t h e  mix inetead of natural  sand, t h e  level  of density obtained 

f o r  a given compaction e f fo r t  w i l l  usually be lower. 

The surface t e x t u r e  of t h e  individual lrggregate par t ic les  is 

a l s o  important .  Aggregate  parti : les h a v b g  a rough surface 

t e x t u r e  a r e  harder t o  compact in an asphalt  concrete mixture 

than when t h e  mix is made using smooth, rounded aggregate. In  



add i t ion ,  t h e  compaction e f f o r t  required is affected by t h e  

shape of t h e  aggregate, with a cubical o r  block shaped aggregate 

needing a g r e a t e r  d e g r e e  of manipulation before at ta ining a 

given density level. 

A l l  o ther  factors  being equal, a uniformly graded aggregate, 

from c o a r s e  t o  f ine ,  w i l l  be  e a s i e r  t o  compact than w i l l  a 

mixture w i t h  e i t h e r  a s i n g l e  sized aggregate gradation o r  a 

mixture containing a skip o r  gap graded aggregate. A harsh mix, 

o r  one incorpora t ing  a la rge  proportion of cc,arse aggregate, 

requires  a significant increase in  compaction eYfort t o  obtain 

t h e  required a i r  void content. An oversanded o r  Zinely graded 

asphalt  concrete mixture, on t h e  other  hand, can be extremely 

workable. It is still d i f f i c u l t  t o  g e t  t h e  p r o p e r  density 

l eve l ,  however, because an oversanded mix w i l l  tend t o  shove 

under t h e  compaction equipment and be hard t o  compact. T h i s  

w i l l  be  par t icular ly t r u e  when t h e  aggregate gradation has an 

excess of material in  t h e  mid-range of t h e  sand grading, passing 

t h e  No. 30 sieve and retained on t h e  No. 50 sieve. 

The f i l l e r  content of t h e  mixture ( the  amount of material 

passing t h e  No. 200 sieve) a lso af fec ts  t h e  achievable leve l  of 

density. A low f i l l e r  content usually makes f o r  a workable mix 

and one which may be easy t o  compact. A high f i l l e r  content 

produces a s t i f f  asphalt  concrete mixture, requiring an increase 

in compaction effor t .  



A s ~ h a l t  Cement. The degree  of dens i ty  is a l so  governed in 

p a r t  by t h e  grade  and amount of aspha l t  cement used t o  produce 

t h e  mix. An aspha l t  cement which is higher  i n  v i scos i ty  o r  

lower i n  penetrat ion w i l l  generally provide f o r  a s t i f f e r  mix a t  

a g iven  mix t e m p e r a t u r e  and the re fo re  necess i ta te  a g r e a t e r  

compaction e f f o r t .  A mix produced with an AC-30 viscosi ty  

graded aspha l t  cement w i l l  make a s t i f f e r  mix than  a material 

manufactured with an AC-10  aspha l t  cement. The s t i f f n e s s  of t h e  

mix, however, is a l s o  a f f e c t e d  by t h e  temperature-viscosity 

r e l a t i o n s h i p  o r  t e m p e r a t u r e  suscep t ib i l i ty  of each pa r t i cu l a r  

aspha l t  cement. 

T h e  a s p h a l t  c o n t e n t  o f  t h e  m i x t u r e  i n f l u e n c e s  i t s  

compa t ib i l i t y .  A mater ia l  containing e i t h e r  t o o  much o r  too  

little aspha l t  cement is d i f f i c u l t  t o  compact. A r i c h  mix is 

t ende r  and w i l l  shove under t h e  compaction equipment. A lean 

mix is s t i f f .  An Hoptimum" aspha l t  content  is needed f o r  each 

pa r t i cu l a r  mixture in o r d e r  t o  achieve t h e  des i red  l e v e l  of a i r  

voids  with minimum compaction e f for t .  

Mix P r o ~ e r t i e s .  Temperature a f f e c t s  t h e  workability of an 

aspha l t  concrete  mixture. A mix which is h igher  i n  temperature, 

up  t o  a c e r t a i n  p o i n t ,  is e a s i e r  t o  compact t han  t h e  same 

a s p h a l t  c o n c r e t e  mix p laced  a t  a lower  t empera tu re .  The 

v i scos i ty  of t h e  aspha l t  cement is, of course, decreased a s  t h e  

m i x  temperature increases.  If the i n i t i a l  m i x  temperature is 

t o o  h i g h  f o r  a p a r t i c u l a r  mix, however, t h e  material  w i l l  be 



t e n d e r  and d i f f i c u l t  t o  compact u n t i l  t h e  mix t e m p e r a t u r e  

dec rease8  and t h e  v i s c o s i t y  of t h e  asphal t  cement increases  

enough s o  t h a t  t h e  mix can support  t h e  weight of t h e  compaction 

equipment. 

A mixture which is a t  t h e  proper  f l u i d s  content  w i l l  b e  easy 

t o  compact. Fluids content  is t h e  sum of t h e  aspha l t  cement 

content  and t h e  moisture content  of t h e  mixture. I f  t h e  asphal t  

b a t c h  o r  drum mix p l an t  is operated properly,  t h e  amount of 

water i n  t h e  asphal t  concrete mixture a t  t h e  t i m e  of d ischarge 

from t h e  p lan t  should be less than  0.5 percent ,  by weight of t h e  

m i x .  Thus a d r y  mix which is a t  t h e  floptimumw aspha l t  content  

w i l l  be  readi ly  compacted. A w e t  mix, one containing an excess 

of m o i s t u r e ,  w i l l  h a v e  a t e n d e n c y  t o  d i s p l a c e  u n d e r  t h e  

compaction equipment and t h u s  b e  d i f f i c u l t  t o  compact. Any 

mixture which h a s  a high f lu id s  content  w i l l  shove ins tead of 

densif y . 

C o n t r a c t o r  C o n t r o l .  U n d e r  a q u a l i t y  a s s u r a n c e  

specificat ion,  a paving cont rac tor  can s e l e c t  h i s  own sources  of 

coarse  and f i n e  aggregates. The t y p e  of aggregate  se lected,  of 

course, is dependent on t h e  local ly  avai lable  materials,  both in 

t e r m s  of qual i ty ,  quant i ty ,  and cost.  A cont rac tor  can obtain 

any combination of aggregate which meets t h e  required mix design 

specif icat ions  b u t  of ten t h e  deciding f a c t o r  i n  choosing t h e  mix 

components is t h e  d e s i r e  t o  minimize t h e  c o s t  of t h e  cons t i tuen t  

materials. Thus, the aggregate se lected by t h e  cont rac tor  often 



meets only t h e  minimum requirements instead of being optimized 

i n  terms of mix quality. 

There is a tendency t o  reduce t h e  amount of asphalt  cement 

used i n  a m i x  in order t o  decrease t h e  cost  of t h e  product. This 

t e n d e n c y  e x i s t s  b o t h  on t h e  p a r t  of t h e  s t a t e  and t h e  

contractor. It is aggravated by t h e  s ta te ' s  des i re  t o  reduce t h e  

amount of r u t t i n g  which occurs  i n  mixes under t r a f f i c .  The 

asphalt  content is thus  often s e t  on t h e  low s ide  of t h e  mix 

range. The temperature susceptibil i ty of t h e  asphalt  cement is 

not controlled a t  all ,  e i the r  by t h e  s t a t e  o r  t h e  contractor, as 

long a s  t h e  material supplied from t h e  refinery meets specs. The 

c o n t r a c t o r  can c o n t r o l  t h e  temperature a t  which t h e  asphalt 

concrete is manufactured (within l i m i t s )  and placed, and he can 

r e g u l a t e  t h e  amount of moisture l e f t  i n  t h e  mix upon plant 

d ischarge .  The t r e n d ,  based on economics, is t o  reduce fue l  

usage and t o  leave some moisture in  t h e  mix i n  order  t o  waid 

compactionw. 

Envi ronmental Variables 

Environmental  Fac tors .  Two tempera tu re  r e l a t e d  f a c t o r s  

a f fec t  t h e  abi l i ty  of t h e  compaction equipment t o  achieve t h e  

desired density level. The f i r s t  is the ambient a i r  temperature. 

The higher t h e  air temperature, a l l  other  fac tors  being equal, 

t h e  eas ie r  it w i l l  be t o  compact a given layer  thickness  with a 

s e l e c t e d  combina t ion  of r o l l e r s .  Lower a i r  t e m p e r a t u r e s  



contribute t o  more rapid cooling of t h e  mix thus  decreasing t h e  

time available t o  achieve t h e  required a i r  void content before 

t h e  mix reaches  a temperature of 175'~. A t  mix temperatures 

below t h i s  t h r e s h o l d  value, additional density is essentially 

i m p o s s i b l e  t o  o b t a i n  r e g a r d l e s s  of t h e  compaction e f f o r t  

expended. 

The t empera tu re  of t h e  l a y e r  on which t h e  new asphalt  

concre te  l a y e r  is placed a l s o  c o n t r i b u t e s  t o  t h e  l e v e l  of 

d e n s i t y  which is attainable. I f  t h e  existing surface is cool, 

heat w i l l  be rapidly removed from t h e  asphalt concrete mixture, 

reducing t h e  time available f o r  compaction. The base temperature 

has a g rea te r  a f fec t  on th in  l i f t s  of asphalt  concrete than it 

does on th icker  courses. 

A strong wind can cause t h e  surface temperature on t h e  new 

asphalt  concrete mat t o  decrease quickly. This reduces t h e  time 

f o r  t h e  mix t o  cool from laydown temperature t o  t h e  compaction 

cutoff temperature. More compaction e f fo r t  is t h u s  needed on a 

windy day compared t o  a calm day. The amount of cloud cover is 

an environmental  v a r i a b l e  which is of some importance. An 

asphal t  concrete mix w i l l  s tay warmer f o r  a longer period of 

t i m e  on a bright,  sunny day. On a cloudy day, t h e  mix w i l l  cool 

somewhat fas ter ,  necessitating an increase in  compaction e f fo r t  

from t h e  rollers. 

I f  the surface of the sublayer is wet from dew o r  rainfall ,  



t h e  water a c t s  a s  a h e a t  sink. The h e a t  in t h e  mix is needed t o  

e v a p o r a t e  t h e  wa te r  on t h e  e x i s t i n g  s u r f a c e .  T h i s  r a p i d l y  

r e d u c e s  t h e  t emperacu re  of t h e  mix, making t h e  compaction 

process  more d i f f icu l t .  Thus it is important t h a t  t h e  aspha l t  

concrete mix be l a id  on a dry surface. 

C o n t r a c t  o r  Control. The paving cont rac tor  can not  control  

t h e  weather. H e  can choose, however, t h e  days  on which he places  

t h e  a s p h a l t  conczete mix. H e  can select t h e  s t a r t i n g  t i m e  a t  

which paving bagins each morning. H e  can determine how long t h e  

crew continues t o  lay mix once ra in  commences and how soon t h e  

pav ing  s t a r t s  aga in  once  t h e  p r e c i p i t a t i o n  ends. Thus, with 

a t t e n t i o n  t o  t h e  env i ronmen ta l  v a r i a b l e s ,  a c o n t r a c t o r  can 

e x e r c i s e  a s i g n i f i c a n t  d e g r e e  of c o n t r o l  e v e r  some of t h e  

f ac to r s  which a f f ec t  t h e  ab i l i t y  t o  a t t a i n  density.  

Some p r o j e c t s  a r e  let t o  cont rac t  l a t e  i n  t h e  year  when 

weather condit ions a r e  less desi rable  t h a n  e a r l i e r  i n  t h e  paving 

season. Some jobs a l so  have po l i t i ca l  implications and need t o  

b e  completed by a c e r t a i n  da t e ,  regard less  of environmental 

conditions. I n  t h e s e  cases, t h e  cont rac tor  may f ind  it necessary 

t o  place  t h e  mix i n  marginal weather. The ab i l i t y  t o  obtain t h e  

required dens i ty  l eve l  i n  t h e  mat is d i r e c t l y  affected,  however. 

Lavdown S i t e  Conditions 

Hat Thickness. The most important f a c t o r  which a f f e c t s  t h e  



ab i l i t y  t o  a t t a i n  densi ty  a t  t h e  laydown s i t e  is t h e  t h i ckness  

of the l a y e r  being placed. The th i cke r  t h e  l i f t ,  t h e  slower t h e  

mix tu re  w i l l  cool from t h e  laydown temperature. ~ h i n  courses  

l o s e  h e a t  f a s t ,  t h e r e b y  d e c r e a s i n g  s i g n i f i c a n t l y  t h e  t i m e  

a v a i l a b l e  f o r  densification. The re ta ined hea t  i n  t h e  t h i c k e r  

l aye r s  makes it eas ie r  t o  obtain t h e  desi red a i r  void content.  

I n  poor weather conditions, increasing t h e  th ickness  of t h e  mat 

being placed is t h e  b e s t  way t o  extend t h e  t i m e  avai lable  t o  

achieve density.  

At course  th icknesses  g r e a t e r  than t h r e e  inches, t h e  amount 

of hea t  held i n  t h e  asphal t  concrete mixture is enough t o  keep 

t h e  aspha l t  cement f l u id  f o r  a longer period of t i m e .  On cool 

days, t h i s  is a de f in i t e  advantage. On ho t  summer days, however, 

th ick  lifts can t a k e  a long time t o  cool enough t o  support  t h e  

weight of t h e  r o l l e r s  without undue displacements. Under t h e s e  

conditions, t h e  mix discharge temperature should be reduced a t  

t h e  p l an t  i n  o rder  t o  lower t h e  laydown temperature. 

Aacrreaate S ize .  The l i f t  t h i c k n e s s  i n  r e l a t i o n  t o  t h e  

maximum s i z e  aggrega te  i n  t h e  asphal t  concrete mixture is a 

second paving site var iab le  re la ted t o  t h e  a b i l i t y  t o  a t t a i n  t h e  

desi red l e v e l  of density. I f  t h e  course  depth is a t  least twice 

t h e  maximum aggregate size,  adequate densi ty  can be  obtained 

with normal compaction effor t .  When t h e  l i f t  th ickness  is less 

t h a n  two t i m e s  t h e  th ickness  of t h e  l a r g e r  of t h e  aggregate  

p ieces ,  a rough  s u r f a c e  t e x t u r e  r e s u l t s  when t h e  aggregate  



p i e c e s  a r e  dragged beneath t h e  paver screed. The high voids 

content i n  t h e  mix from t h e  dragged aggregate negates any effort 

t o  obtain t h e  proper densi ty  leve l  i n  t h e  material. 

Thickness Uniformity. The uniformity of t h e  l i f t  th ickness  

is another fac tor  t o  be considered. It is eas i e r  t o  compact an 

a s p h a l t  c o n c r e t e  l a y e r  of c o n s t a n t  t h i ckness  compared t o  a 

course which va r i e s  i n  depth. Asphalt concrete leveling courses, 

which, by t h e i r  v a r y  n a t u r e  and purpose, a r e  nonuniform in 

t h i c k n e s s ,  a r e  v e r y  d i f f i c u l t  t o  compact, especial ly  with a 

r i g i d  a t e e l  wheel r o l l e r .  The compaction r o l l s  of a tandem, 

t h r e e  wheel, o r  vibratory ro l l e r  tend t o  br idge over t h e  low 

spots  i n  t h e  sublayer surface. Thus adequate densi ty  is usually 

n o t  ob ta ined  throughout  t h e  mix and par t icu la r ly  not  i n  t h e  

r u t t e d  wheelpaths.  A pneumatic  t i r e  r o l l e r  can be employed, 

however, t o  achieve densi ty  i n  t h e  low poin ts  on t h e  exis t ing 

pavement surface as w e l l  a s  on t h e  high spots. 

Sublaver Suxr~ort.  A four th  fac tor  which a f f e c t s  t h e  degree 

of densi ty  obtained is t h e  amount of support  provided by t h e  

e x i s t i n g  s u r f a c e  unde r  t h e  new asphal t  concrete mat. I f  t h e  

sublayer is s o f t  and yielding, t h e  compaction e f f o r t  applied t o  

t h e  m i x  w i l l  be diminished somewhat because of a lack of a firm 

foundation t o  compact against .  The e f f ec t  of subgrade support,  

however, depends on a number of fac tors  including t h e  degree of 

sof tness  of t h e  base and the th ickness  of the new layer. 



Contractor Controa. The laydown contractor usually can not 

control t h e  l i f t  thickness used on t h e  project  -- that is prese t  

on t h e  plans. There is no doubt, however, t h a t  an increase in 

t h e  mat thickness can significantly lengthen t h e  t i m e  available 

f o r  compac t ion .  Thus ,  a l l  o t h e r  f a c t o r s  b e i n g  e q u a l ,  a 

contractor can not be expected t o  achieve an adequate level  of 

densi ty  i f  a th in  l i f t  of asphalt  concrete is required t o  be 

p l a c e d  i n  m a r g i n a l  e n v i r o n m e n t a l  c o n d i t i o n s .  Where t h e  

contractor is allowed t o  change t h e  depth of t h e  course being 

cons t ruc ted ,  a t h i c k e r  l i f t  usual ly  can b e  equated with a 

grea ter  degree of densif ication in  t h e  asphalt  concrete mix. 

A s  a ru le  of thumb, t h e  mat thickness should be a t  l eas t  

twice t h e  depth of t h e  maximum s ize  aggregate piece. When t h i s  

can n o t  be  accomplished, such  a s  when a variable thickness  

level ing course is being placed, it w i l l  be very d i f f i cu l t  t o  

a t ta in  t h e  desired density level. I n  l ieu of placing a leveling 

course t o  f i l l  in t h e  low spots,  t h e  contractor  should have t h e  

option of using a cold planing machine t o  remove t h e  high points 

i n  t h e  e x i s t i n g  pavement surface. This l a t t e r  procedure w i l l  

allow t h e  placement of a more uniform thickness of t h e  f i r s t  

r e s u r f a c i n g  l a y e r  and  t h u s  a l low a t t a i n m e n t  of a more 

consistently uniform density level. 

When an exis t ing pavement s t ruc tu re  is overlaid, all needed 

repair  work should be completed before the resurfacing begins. 

Failed areas  should be cu t  out  and replaced. Cracks should be 



cleaned out  and sealed. Ruts should be f i l l ed  in  o r  t h e  surface 

milled. The existing sublayer should be brought in to  as uniform 

a c o n d i t i o n  a s  f e a s i b l e .  T h e  a m o u n t  o r  t h e  t y p e  o f  

rehabili tat ion work is not normally l e f t  up t o  t h e  contractor -- 
it is specified in  t h e  plans. A contractor t ry ing  t o  place a 

uniform asphalt  concrete l aye r  on a base of varying s t i f fness  

may not be able t o  obtain t h e  required degree of density in  t h e  

asphalt  concrete overlay. 

Screed ~ e n s i t y .  The i n i t i a l  density of an asphalt  concrete 

layer  is obtained under t h e  screed of t h e  paver a s  t h e  mix is 

placed by t h a t  machine. I f  t h e  paver is operated a t  a slow 

forward speed and i f  t h e  impact energy of t h e  screed is high, 

t h e  compaction e f f o r t  app l i ed  t o  t h e  mix can be increased. 

This, i n  t u r n ,  reduces  t h e  amount of density which must be 

acqui red  dur ing  t h e  compaction process .  Depending on t h e  

m i x t u r e  c h a r a c t e r i s t i c s ,  p a v e r  s p e e d  a n d  f o r c e ,  a n d  

environmental  va r i ab les ,  t h e  i n i t i a l  d e n s i t y  of t h e  asphalt  

concrete mixture can range from 75 percent t o  85 percent of t h e  

f ina l  density. Increasing t h e  compaction e f fo r t  of t h e  screed 

on t h e  laydown machine decreases t h e  compac.tion e f f o r t  needed 

from t h e  rollers.  

Type of ~ o l l e r s .  The type  of e q ~ i p 6 9 n t  used t o  compact an 

asphalt  concrete mixture has  a s ignif icant  efFect on the degree 



of density which can be obtained i n  a given number of passes of 

a p a r t i c u l a r  r o l l e r .  Three major ro l le r  types  a r e  currently 

being used in t h e  compaction process. These are: (a) s t a t i c  

s t e e l  wheel  r o l l e r e ,  ( b )  p n e u m a t i c  t i r e  r o l l e r s ,  and (c) 

vibratory rol lers ,  e i the r  single or  double drum. 

For s t a t i c  s t e e l  wheel r o l l e r s ,  t h e  gross  weight of t h e  

r o l l e r  and t h e  con tac t  a r e a  of t h e  r o l l e r  with t h e  asphalt  

c o n c r e t e  m i x t u r e  a r e  b o t h  i m p o r t a n t  i n  d e t e r m i n i n g  t h e  

compaction e f fo r t  of t h e  machine. Effective weight, i n  terms of 

pounds pe r  square inch of contact area, is a key variable in  t h e  

compaction e f f o r t  f o r  t h i s  type  of equipment. 

Similarly, f o r  pneumatic t i r e  rol lers ,  the  area of each t i r e  

footprint  a s  well a s  t h e  gross  weight of t h e  compactor a r e  t h e  

important fac tors  in judging t h e  effectiveness of t h i s  roller.  

On harsh mixes, t h e  t i r e  pressure of the pneumatic t i r e s  can be 

increased in order  t o  gain compaction ef for t .  For tender  mixes, 

t h e  a i r  pressure in t h e  pneumatic tires can be reduced ( to  50 t o  

60 p s i )  i n  o r d e r  t o  spread t h e  weight of t h e  r o l l e r  over a 

l a r g e r  c o n t a c t  a rea  and thus  not displace t h e  mixture being 

compacted. 

For vibratory rollers,  t h e  applied force t o  each compaction 

ro l l  is t h e  primary variable. Included a r e  t h e  e f fec t s  of both 

t h e  amplitude and frequency of vibration. I n  general, as the 

amplitude of t h e  applied force increases, t h e  density obtained 



using t h e  ro l l e r  also increases. Further, a s  t h e  frequency of 

t h e  v i b r a t o r y  impact increases, density also increases f o r  a 

given ro l le r  speed because t h e  spacing between impacts decreases 

with a higher frequency sett ing.  

Roller S ~ e e d .  The f a s t e r  a ro l le r  moves over a s t re tch  of 

asphal t  concrete mix, t h e  l e s s  effective a given compaction pass 

w i l l  be i n  increasing t h e  density of t h e  mat. A slower machine 

speed increases t h e  ndwell time1* f o r  a s t a t i c  ro l l e r  over each 

point in t h e  pavement layer,  which in tu rn  increases density and 

reduces t h e  a i r  void content of the  mix. For vibratory rollers,  

t h e  s lower compaction speed decreases  t h e  distance between 

i m p a c t s ,  f o r  a given v i b r a t o r y  frequency.  It is  usua l ly  

recommended t h a t  a l l  compaction equipment be operated a t  speeds 

of l e s s  than 2.5 miles per hour. 

Roller Pattern and Zone. The more passes a given ro l le r  

makes over each point on t h e  asphalt  concrete mix surface, t h e  

g rea te r  t h e  density t h a t  w i l l  be gained in  t h e  pavement. The 

mix, however, is cooling while t h e  compaction operation is in  

progress. Because t h e  compaction e f fo r t  usually ceases t o  be 

effect ive when t h e  mat temperature declines below 175 degrees 

F., and because it is easier  t o  compact t h e  asphalt  concrete mix 

when it is h o t t e r ,  more d e n s i t y  is gained with t h e  ea r l i e r  

compaction p a s s e s  than  with t h e  l a t e r  ro l le r  passes. Thus 

simply making more passes of the ro l le r  over t h e  mix surface 

does not necessarily assure t h a t  t h e  f ina l  pavement density w i l l  



be brought t o  a sat isfactory level. 

A properly designed asphalt  concrete mixture should be able  

t o  support t h e  weight of t h e  breakdown compaction ro l l e r  a s  soon 

a s  t h e  mix passes out from beneath t h e  paver screed. The first 

r o l l e r  compaction ef for t  should theref ore  be applied direct ly  

behind t h e  laydown machine. If t h e  roll ing zone can be kept 

r i g h t  back of t h e  paver, t h e  compaction process can be s ta r ted  

while t h e  asphalt  cement is l e s s  viscous -- while t h e  mix is 

still hot. I f  t h e  mix is tender  and can not support t h e  weight 

of t h e  breakdown ro l le r  without displacement immediately a f t e r  

placemant, the mix design needs t o  be modified. The roll ing 

zone f o r  a l l  r o l l e r s  should be  q u i t e  c l o s e  t o  t h e  paver, 

obtaining density while t h e  material ie still fluid enough t o  be  

densif ied. 

C o n t r a c t o r  Controz.  Under a q u a l i t y  a s s u r a n c e  t y p e  

spec i f i ca t ion ,  a contractor has complete control of t h e  whole 

laydown and compaction operation. Rollers can be applied t o  t h e  

mix i n  a wide v a r i e t y  of combinations. s t a t i c  s t e e l  wheel 

r o l l e r s ,  pneumatic t i r e  rol lers ,  s ingle  drum vibratory ro l l e r s  

and double drum vibratory ro l l e r s  can a l l  be used a s  t h e  i n i t i a l  

piece of compaction equipment. The type  of intermediate ro l l e r  

o r  ro l l e r s  can also vary among t h e  various types  of machines 

available. Similarly t h e  number of passes made over each point 

on t h e  pavement surface by each ro l l e r  can be changed within a 

wide range. The t r ave l  speed f o r  each compactor can be set 



between 0.5 and 5.0 m i l e s  per  hour, but  should be l e s s  than 2.5 

miles per hour. Finally t h e  location of t h e  ro l l e r s  in regard 

t o  t h e  paver  ( the rol l ing zone) is under t h e  control of t h e  

contractor. 

The use of vibratory ro l l e r s  adds two more variables t o  t h e  

process. Both t h e  amplitude and t h e  frequency of t h e  applied 

f o r c e  can b e  var ied .  I n  genera l ,  a high amplitude se t t ing  

should be  used  with t h i c k  l i f t s  (over  4 inches) and a low 

amplitude se t t ing  wi th  t h i n  l i f t s  (over 1 inch and under 2 1 /2  

i n c h e s ) .  On many p r o j e c t s ,  t h e  f requency s e t t i n g  of t h e  

vibratory ro l le r  should typically be a t  t h e  maximum available on 

t h e  roller.  This high frequency value w i l l  allow f o r  t h e  most 

impacts pe r  foot  of distance, thereby increasing t h e  compaction 

e f f o r t  of a given roller.  Usually a vibratory ro l l e r  w i l l  be 

run a t  a frequency of 2,400 vibrations per  minute o r  more. 

I f  o n e  combinat ion  of r o l l e r  t y p e  and p a t t e r n  is no t  

s u f f i c i e n t  t o  a t t a i n  t h e  r e q u i r e d  l e v e l  of d e n s i t y ,  t h e  

contractor always has t h e  option of t ry ing  another combination 

of equipment and operating procedures. What works one day under 

certain environmental conditions and mix charac ter i s t ics  is not 

guaranteed  t o  work under a d i f ferent  s e t  of variables. Too 

often a contractor does not t ake  t h e  time t o  understand a l l  t h e  

variables under h i s  control before he  commences t h e  compaction 

process. 



Table 1 summarizes t h e  variables which affect  t h e  compaction 

p rocess  f o r  asphalt  concrete mixtures. The tab le  is divided 

i n t o  t h r e e  p a r t s ,  one  column f o r  t h o s e  f a c t o r s  t h a t  a r e  

~ 0 n t r 0 l l ~ d  solely by t h e  s t a t e  highway department o r  other  owner 

agency. The second column includes those variables which may be 

under  s t a t e  j u r i s d i c t i o n  and which may be part ly  under t h e  

control of t h e  paving contractor. The l a s t  column is f o r  items 

which are completely governed by t h e  contractor .  O n  some 

projects, under a given s e t  of specifications, t h e  actual degree 

of c o n t r o l  ove r  any p a r t i c u l a r  v a r i a b l e  might b e  somewhat 

different  than t h a t  shown in t h e  table. 

In  any case, t h e  number of variables which play a hand in 

the  level  of density obtained in an asphalt  concrete pavement 

layer  is large. None of these  variables operates independently. 

Each par t icu lar  fac tor  is interrelated with a t  l e a s t  one o r  two 

o t h e r  va r i ab les .  This  f a c t  makes it d i f f i c u l t ,  usually, t o  

determine t h e  exact reason f o r  a low density value on a paving 

project. 



THE EFFECT OF SUBLAYER SUPPORT 

The Problem 

One of t h e  f ac to r s  described above which a f f ec t s  t h e  ab i l i ty  

of a contractor  t o  a t t a in  t h e  required l eve l  of density is t h e  

amount of support  offered by t h e  layer  on which t h e  new asphal t  

concrete course is being placed. There is a concern t h a t  an 

a d e q u a t e  d e g r e e  of d e n s i f i c a t i o n  w i l l  n o t ,  o r  can no t ,  be  

achieved i f  t h e  s u b l a y e r  is s o f t  and/or yielding under t h e  

laydown and t h e  compaction equipment. That t h i s  concern is 

valid is not  t h e  question. The problem is t o  determine t o  what 

degree t h i s  f ac to r  plays  a p a r t  i n  t h e  e f f o r t  t o  meet a density 

specification. What is t h e  magnitude of t h e  problem? 

Full  D e ~ t h  A s ~ h a l t  Concrete. When an asphal t  concrete base 

course is constructed a s  p a r t  of a f u l l  depth asphal t  pavement 

s t ruc ture ,  t h e  f i r s t  l ayer  is placed d i r ec t ly  on t h e  subgrade 

soil .  I f  t h a t  subgrade material is a sandy s o i l  which has  a 

h igh  CBR, R, o r  r e s i l i en t  modulus value, t h e  i n i t i a l  pavement 

c o u r s e  can  typ ica l ly  be  placed and rolled without dif f icul ty .  

I f  t h e  subgrade  s o i l  is a w e t  c lay  o r  s i l t y  c lay material, 

however, t h e  CBR, R, o r  r e s i l i en t  modulus value w i l l  be  very 

low. The s o i l  w i l l  have a tendency t o  pump under t h e  movement 

of t h e  h a u l  t r u c k s .  The s u b g r a d e  material, being s o f t  and 

yielding, does n o t  support  e i t h e r  t h e  paver o r  the compaction 

equipment very w e l l .  



When t h i s  problem occurs, good engineering prac t ice  calls 

f o r  t h e  s t a b i l i z a t i o n  of t h e  s o f t  s o i l ,  e i t h e r  by chemical  

(hydrated l i m e )  o r  mechanical (aggregate inter lock)  means. If 

t h e  a s p h a l t  concrete must be placed on an unstable subgrade 

soi l ,  t h e  haul  t r u c k s  a re  usually only par t ia l ly  loaded. This 

reduces t h e  force  on t h e  weak soil.  A t r a c k  paver, r a t h e r  than 

a rubber  t i re paver, is used in  order  t o  increase t h e  f loatat ion 

of t h a t  load on t h e  subgrade material. Finally t h e  roll ing is 

delayed u n t i l  t h e  mix cools enough t o  support  t h e  weight of t h e  

compaction equipment. By delaying t h e  roll ing,  t h e  mix becomes 

s t i f f  enough (it cools) t o  withstand t h e  compaction e f f o r t  of 

t h e  rol lers .  I n  many cases, only a small, l ightweight ro l l e r  is 

used t o  compact t h e  m i x .  Evidence of t h e  s o f t  subgrade problem 

can usua l ly  be  readily seen by t h e  r o l l e r  marks l e f t  i n  t h e  

pavement aurf ace. 

When t h e  rol l ing is delayed and when t h e  compaction e f f o r t  

is reduced, t h e  required leve l  of densi ty  can not be a t ta ined in 

t h e  i n i t i a l  b a s e  c o u r s e  layer .  When t h i s  occurs, t h e  f i r s t  

course of asphal t  concrete real ly  becomes a working platform f o r  

t h e  placement of subsequent  l aye r s  r a t h e r  than a s t r u c t u r a l  

l aye r  i t se l f .  This means, in turn ,  t h a t  t h e  f u l l  depth asphal t  

concrete pavement w i l l  be underdesigned because of t h e  reduction 

in t h e  load carrying ab i l i ty  of t h e  bottom l a y e r  of mix. 

Asphalt Concrete on Granular Base. Many pavements a r e  b u i l t  

where one o r  more layers  of asphal t  concrete mix are placed on 



top of an untreated granular  subbase o r  base course. If  t h e  

granular material is composed of crushed aggregate and is well 

compacted, t h e  f i r s t  l a y e r  of a s p h a l t  c o n c r e t e  mix can be 

readily la id  and rolled. When an uncrushed, untreated, unstable 

g r a n u l a r  ma te r i a l  is used,  t h e  base o r  subbase layer  h a s  a 

tendency t o  r u t  under t h e  haul trucks.  In  addition, t h e r e  is 

u s u a l l y  some l a t e r a l  d i s t o r t i o n  of t h e  m a t e r i a l .  T h i s  

phenomenon c r e a t e s  a wide ly  v a r i a b l e  t h i c k n e s s  f o r  t h e  

overlaying asphalt  concrete mixture. This var iable  thickness of 

mix -- thick in  t h e  haul t ruck  wheelpaths and th in  jus t  outside 

of t h e  wheelpaths -- makes t h e  attainment of adequate density 

much more diff icul t .  

Faced with such  a s i t u a t i o n ,  t h e  paving contractor w i l l  

usually compensate fo r  t h e  weak base by reducing h i s  compaction 

e f f o r t .  Breakdown rol l ing w i l l  be delayed u n t i l  t h e  asphalt  

concrete cools significantly. Lighter ro l l e r s  w i l l  be employed. 

Less r o l l e r  passes w i l l  be used. The contractor w i l l  typically 

a t t empt  t o  n b r i d g e  overn  the s o f t  a r e a s  and hope t h a t  t h e  

pavement l a s t s  long enough f o r  him t o  g e t  paid before d ia t r e s s  

becomes evident. Density tests, i f  run, w i l l  be ignored because 

"everyone knovs t h a t  t h e  contractor should not be expected t o  

g e t  density over a weak base course l i k e  thatw.  

B s ~ h a l t  Concrete  Overlavs. Asphalt concrete is used t o  

r e s u r f a c e  both  exis t ing  asphalt  concrete and Portland cement 

c o n c r e t e  s t r u c t u r e s .  Before an asphal t  concrete overlay is 



placed,  it is good engineering pract ice t o  repair  any failed 

areas  in  t h e  existing pavement s t ructure.  This means t h a t  t h e  

potholes in  t h e  roadway should be patched and t h a t  t h e  punchouts 

i n  t h e  cont inuous ly  re inforced  c o n c r e t e  pavement should be 

removed and replaced. It also means t h a t  t h e  cracks in  t h e  

asphalt  concrete pavement should be blown out and sealed with a 

crack f i l le r .  In  essence, f o r  an asphalt  concrete overlay t o  

perform adequately f o r  a number of years, proper preparation of 

t h e  existing pavement is of paramount importance. 

I f  an a l l i g a t o r  cracked area is overlaid with an asphalt  

c o n c r e t e  mix, t h e  t h i c k n e s s  of t h e  mix placed w i l l  va ry  

somewhat, par t icular ly i f  t h e  failed area is low. The screed on 

t h e  asphalt  paver w i l l  place mix i n  t h e  low spot  t o  t h e  same 

s u r f a c e  e l eva t ion  a s  t h e  surrounding mix. Asphalt concrete 

compacts roughly 20 t o  25  percent under t h e  rollers.  Thus about 

1 1/4 inches of asphalt  concrete must be  placed by t h e  paver t o  

a t t a in  a 1 inch thick compacted layer. I f  a s t e e l  wheel ro l le r  

is used, e i t h e r  s t a t i c  o r  vibratory, t h e  mix w i l l  be compressed, 

but t h e  elevation of t h e  finished surface w i l l  be a l l  t h e  same 

elevation, over t h e  good area a s  well a s  t h e  low failed spots. 

This means t h a t  t h e r e  w i l l  be a lack of density in  t h e  original 

low areas. When a pneumatic tire ro l le r  is used, t h e  proper 

d e n s i t y  c a n  b e  o b t a i n e d  i n  t h e  low a r e a s ,  b u t  a s l i g h t  

depress ion  w i l l  remain in t h e  new surface over t h e  or iginal  

failed area due t o  t h e  d i f ferent ia l  compaction phenomena. Thus, 

when r e s u r f a c i n g  an uneven e x i s t i n g  s u r f a c e  w i t h  a s p h a l t  



concrete, t h e r e  is a def ini te  t r a d e  off t o  be made between layer  

density and layer  smoothness. 

Portland cement concrete pavement s labs c u r l  and warp due t o  

temperature and moisture d i f ferent ia l s  between t h e  top  and t h e  

bottom of t h e  s l ab ,  These same s l abs  can also rock under 

applied t r a f f i c  loads when t h e  subbase material has  been pumped 

o u t  through t h e  t r a n s v e r s e  and l o n g i t u d i n a l  jo in ts .  Good 

engineering pract ice before overlay would be t o  s tab i l ize  t h e  

existing pavement by undersealing with asphalt cement, grouting 

with a cement-flyash blend, o r  cracking and seating t h e  slabs. 

I n  most cases  the present pavement is simply resurfaced with 

asphalt  concrete mix. If t h e  s labs  a r e  curled upward when t h e  

overlay is placed, a thinner  layer  of mix w i l l  be placed in t h e  

area adjacent t o  each t ransverse joint. If t h e  s labs  a r e  curled 

downward, more mix w i l l  be  placed in t h e  joint  area. This 

variable thickness  of mix typically does not c rea te  a compaction 

problem since the change i n  layer  depth is relat ively small, but  

does contr ibute  t o  a possible rougher r ide  in the new overlay a t  

t h e  old joint  location a s  t h e  concrete s labs continue t o  cu r l  

and warp. 

The Problem. There a r e  many paving s i tua t ions  where it is 

intui t ively f e l t  t h a t  the support, o r  lack of support, of t h e  

s u b l a y e r  has c o n t r i b u t e d  t o  t h e  i n a b i l i t y  of t h e  paving 

contractor t o  a t t a in  t h e  required density leve l  i n  t h e  asphalt  

concrete mix. The question is how t o  quantify t h e  problem. 



Literature  Review 

The bibliography lists t h e  multitude of technical papers on 

a s p h a l t  concre te  mixture compaction t h a t  were reviewed t o  

determine t h e  significance of sublayer support on t h e  abi l i ty  t o  

ob ta in  densi ty  i n  an overlying asphalt concrete course. The 

information contained in  the  l i t e ra tu re  is very meager. The 

discussion of sublayer support is usually p a r t  of a much longer 

explanat ion  of some of t h e  f a c t o r s  t h a t  a f f e c t  compaction 

e f f o r t .  Def in i t ive  d a t a  is t o t a l l y  lacking. Some authors 

indicate t h a t  t h e  ef fec t  of sublayer support must be considered, 

but  none suggest how t o  measure it o r  take it in to  account. 

T r a n s ~ o r t a t i o n  Research  Board. I n  1972, t h e  Highway 

Research Board, now t h e  Transportation Research Board, published 

Specia l  Report  131,  ent i t led Sta te  of t h e  A r t :  Com~action of 

Asphalt Pavement (11). Chapter Three ie t i t l e d  HEnvironmental 

C o n d i t i o n s m .  The  f i r s t  s e c t i o n  is l a b e l e d  F o u n d a t i o n  

Solidarityn. The whole concept of sublayer support is covered 

i n  one paragraph a s  follows: HFoundation condition has a d i rec t  

r e l a t i o n  t o  compact ion  of t h e  over l a id  a s p h a l t  pavement. 

Foundation density is important; however, s tab i l i ty  is equally 

important. It is possible t o  have foundation density and y e t  

lack s tabi l i ty .  For example, it would be practically impossible 

t o  s t r a i g h t e n  a bent na i l  using a rubber block a s  an anvil,  

whereas, with an  a n v i l  made of steel, the process would be 

simple. By analogy, p lac ing  t h i n  over l ays  on an u n s t a b l e  



founda t ion  is fu t i l e ;  however, t h e  use  t h i ck  layers ,  such a s  

f o u r  i n c h e s ,  c a n  r e d u c e  compact ion  problems on u n s t a b l e  

 foundation^.^ 

The same Transportat ion Research Board committee published a 

Transportat ion Research Circular  i n  April 1982 en t i t l ed  S t a t e  of 

t h e  A r t :  Vibratory Com~action of A s ~ h a l t  Pavements (12). T h e  

r epo r t  d i scusses  a number of var iab les  which a f f ec t  t h e  ab i l i t y  

of v ibra tory  r o l l e r s  t o  achieve densi ty  i n  an aspha l t  concrete 

mixture ,  such  a s  v i b r a t o r y  f r e q u e n c y  and ampl i tude ,  r o l l e r  

speed, mix temperature, and ro l l ing  pat tern .  The publication is 

s i len t ,  however, about t h e  e f f ec t  of sublayer support .  

Asrjhalt I n s t i t u t e .  Vaughn Marker, then Chief Engineer f o r  

The Asphalt In s t i t u t e ,  wrote a paper  i n  November 1979 en t i t l ed  

F a c t o r s  Af fec t ina  Com~action (7). Part of t h e  t r e a t i s e  is a 

section on compaction forces. The r epo r t  states: V n  order  f o r  

densi f icat ion of an aspha l t  mixture t o  occur, it is absolutely 

n e c e s s a r y  r'px t h e  mix being densif ied t o  be c ~ n f i n e d . ~  The 

discuss3.on c o n t i n c e s :  is e s s e n t i a l  t h a t  t h e  subgrade be  

f i r m ,  otherwise t h e  confinement a t  t h e  bottom of t h e  mix will 

not be  suff ic ient .  It is not  poss ible  t o  s a t i s f ac to r i l y  compact 

an a spha l t  mixture against  a yielding subgrade. If t h e  subgrade 

is s o f t  o r  y i e l d i n g  f o r  any reason, it must be improved o r  

strengthened.  

nThe methods t o  do t h i s  are: (a) t o  remove and replace  the 



material  in  t h e  yielding area; (b) t o  s t ab i l i ze  t h e  subgrade in  

t h e  yielding a rea  with addi t ional  sound, un t rea ted  material;  (c) 

t o  s t ab i l i ze  t h e  subgrade i n  t h e  yielding a rea  with some type  of 

a d d i t i v e ;  (d) t o  b r i d g e  t h e  y i e l d i n g  a r e a  wi th  a l a y e r  of 

a s p h a l t  c o n c r e t e  p l a c e d  i n  a s i n g l e  l i f t  of  s u f f i c i e n t  

thickness". There is no concrete information provided, however, 

on what cons t i t u t e s  a yielding sublayer  o r  how t o  determine what 

degree  of firmness is required. 

N e w  York State DOT. One of t h e  most de f in i t i ve  r epo r t s  on 

s u b l a y e r  s u p p o r t  was pub l i shed  by t h e  S t a t e  of New York 

Department of Public Worka (now Department of Transportat ion) in 

1965, bo th  a s  an  A A P T  p a p e r  and a s  a d e p a r t m e n t a l  r epo r t  

( 1 3 1 4 )  I n  1962, t h e  highway department constructed 47 t e s t  

sec t ions  on a t o t a l  of 1 2  d i f f e r en t  paving projects .  The jobs: 

" . . .were  a l l  b u i l t  u n d e r  s i m i l a r  c o n d i t i o n s  and construction 

t e c h n i q u e s ,  and contained s imilar  materialsn. The purpose of 

t h e  research e f f o r t  was n...to determine t h e  inf luence of such 

v a r i a b l e s  a s  mix  c o m p o s i t i o n ,  p a v e m e n t  t h i c k n e s s ,  mix 

temperature, and number of r o l l e r  passes  on pavement densityn.  

Cores were c u t  from t h e  test sec t ions  a t  var ious  locat ions  

and t h e  l aye r  densi ty  determined. The dens i ty  w a s  found t o  vary 

g r e a t l y  i n  t h e  t r a n s v e r s e  a n d  i n s i g n i f i c a n t l y  i n  t h e  

longi tudinal  d i rect ions .  Several  f a c t o r s  may have contributed 

t o  t h e  d i f fe rences  i n  density. One of t h e  f a c t o r s  n...that may 

have  had an effect on wheel path  densi ty  is t h e  support ing 



s t r eng th  of t h e  underlying pavement. The compaction e f f o r t  of 

t h e  r o l l i n g  may have  been d i s s i p a t e d  by  e i t h e r  p l a s t i c  o r  

e l a s t i c  deformation of underlying  layer^.^ 

A regress ion analysis  was run  t o  calcula te  t h e  re la t ionship  

between dens i ty  and t h e  f a c t o r s  which influenced t h a t  density.  

The aa. . .percent  a i r  v o i d s  was c o r r e l a t e d  wi th  t h e  following 

v a r i a b l e s :  (a)  a g g r e g a t e  g r a d a t i o n ,  (b) a s p h a l t  c o n t e n t  by 

volume (c) top  course pavement thickness,  (d) a spha l t  v i scos i ty  

a t  t h e  s t a r t  of rol l ing,  (e) number of breakdown r o l l e r  passes  

( f )  number of intermediate r o l l e r  passes,  (g) number of f i n a l  

r o l l e r  pas se s ,  (h)  def lect ion of underlying pavement, and (i) 

underlying pavement sur face  temperature p r i o r  t o  mix layd0w2.*~ 

Pavement rebound def lect ion measurements were conducted on 9 

of t h e  12 t e s t  p ro j ec t s  i n  September 1984. A Benkleman beam was 

employed t o  determine t h e  def lect ion of t h e  resurfaced pavement 

( a p p r o x i m a t e l y  t w o  y e a r s  a f t e r  c o n s t r u c t i o n ) .  Ev iden t ly  

def lect ion measurements were not  made on t h e  o r ig ina l  pavement 

s u r f a c e  before  overlay, and t h u s  only r e l a t i ve  d i f fe rences  i n  

t h e  amoun t  o f  d e f l e c t i o n  b e t w e e n  t e s t  s e c t i o n s  could be  

de te rmined  and n o t  t h e  change  i n  t h e  d e g r e e  of deflection 

between t h e  sur face  of t h e  sublayer  and t h e  sur face  of t h e  new 

overlay f o r  any pa r t i cu l a r  project .  

I n  t h e  f i n a l  regression equation, t h e  e f f e c t s  of sublayer  

suppor t  on air void content  was re la ted  t o  the square  roo t  of 



t h e  "...inches of rebound deflection of t h e  underlying pavement 

caused by a 22,400 pound s ingle  axle load moving a t  creep speed 

(mult ipl ied by l , O O O ) q q .  It was determined t h a t  n. . .greater 

deflections of t h e  underlying pavement increased t h e  percent a i r  

voids." 

A sens i t iv i ty  analysis was conducted to determine how much 

each variable could change t h e  a i r  voids in  t h e  compacted mix. 

The range of deflection measured on t h e  two year old overlays 

was from 0.006 t o  0.036 inches. Within t h i s  degree of change in 

de f l ec t ion ,  it was calculated t h a t  t h e  percent change in  air 

voids would be 3.7 percent. This was t h e  second grea tes t  amount 

of change i n  density f o r  any factor,  being exceeded only by t h e  

ef fec t  of a change in t h e  volume of t h e  asphalt  cement used in 

the mix, i n  t h e  range of 13 t o  17 percent, which caused a change 

in a i r  void content of 4.4 percent. 

The authors of t h e  research repor t  s ta te:  V h e  influence of 

the rebound deflection of the underlying pavement on t h e  top 

c o u r s e  d e n s i t y  ... is  n o t  o n l y  s i g n i f i c a n t ,  b u t  a l s o  

s u b s t a n t i a l l y  c o n s i s t e n t .  The influence of t h i s  var iable  on 

pavement d e n s i t y  was no t  a n t i c i p a t e d  when t h i s  s t u d y  was 

undertaken. Consequently, it was not  u n t i l  an investigation was 

made of t h e  possible influence of subgrade support  t h a t  it was 

concluded t h a t  pavement rebound deflection was a fac tor  t h a t  

possibly should be included with t h e  o ther  variables. For t h i s  

reason t h e r e  was a two year i n t e r v a l  mentioned previously 



betweerr pavesent construction and pavement rebound deflection 

meafiurementsn. 

I t  is no t  known, from t h e  information provided i n  t h e  

published report ,  what t h e  condition of t h e  or iginal  pavement 

s t ruc tu re  was on each project  p r io r  t o  overlay. It is also not 

known what t r a f f i c  volume was car r ied  on each t e s t  section 

between t h e  resurfacing in  1962 and t h e  deflection measurements 

made i n  1 9 6 4 .  The highways were sub jec ted  t o  d i f f e r e n t  

e n v i r o n m e n t a l  condi t ions.  Because of t h e  l a c k  of i n i t i a l  

d e f l e c t i o n  d a t a  on t h e  o r i g i n a l  pavement su r face ,  before  

overlay,  t h e  conclus ions  reached us ing  t h e  Benkleman Beam 

d e f l e c t i o n  da ta  taken on top of t h e  resurfaced pavement two 

years  l a t e r  must be t rea ted  with some concern. There is no data  

provided on how t h e  amount of sublayer support on any one t e s t  

s e c t i o n  a f f e c t e d  t h e  a b i l i t y  t o  a c h i e v e  d e n s i t y  on t h a t  

par t icu lar  test section. 

DvnaDac. The Dynapac Manufacturing Co, through Mike Geller, 

Vice P r e s i d e n t  of  Marke t ing ,  p a r t i c i p a t e d  i n  a s e r i e s  of 

workshops on asphalt  pavement compaction in  t h e  l a t e  1970's and 

ear ly 1980's. (9,15,16) I n  t h e  presentations a t  these  seminars, 

Geller d i s c u s s e d  means t o  achieve density in  t h e  field. H e  

s t a t e d  "...any m a t e r i a l  s u b j e c t  t o  p r e s s u r e  w i l l  t a k e  t h e  

easiest  way out  t o  avoid the pressure. This is why w e  use a 

laboratory mold t o  confine t h e  sample a s  w e  compact it. But 

what is the equivalent t o  t h e  mold in  t h e  f ie ld? It is t h e  



u n d e r l y i n g  b a s e ,  t h e  m a t e r i a l  s u r r o u n d i n g  t h e  a r e a  u n d e r  

compaction and t h e  contact  a rea  sur face  of t h e  s t e e l  wheel or 

pneumatic  t i re.  R o l l e r  compaction e f f o r t  is d i lu t ed  by an 

improper  d e g r e e  of confinement such  a s  s o f t  bottom o r  an  

unsuppor t ed  edge.  The remedies available t o  t h e  r o l l e r  a r e  

r a t h e r  limited f o r  an unconfined edge and they  a r e  zero f o r  a 

s o f t  bottomw (15). 

I n  a n o t h e r  p a p e r ,  G e l l e r  s t a t e s  t h a t  s e v e r a l  f a c t o r s  

including t h e  se lect ion and condition of t h e  equipment and t h e  

number of r o l l e r s ,  t h e  rol l ing pa t te rn ,  and t h e  s k i l l  of t h e  

operator  a r e  a l l  under t h e  control  of t h e  cont rac tor  dur ing t h e  

compaction process .  Several  factors ,  however, a r e  not  under 

cont rac tor  control.  These encompass t h e  behavior of t h e  mix, 

base conditions, and allowable ro l l ing  t i m e  (17). H e  continues 

t h a t  "Confinement problems a r e  threefold  i n  nature: (a) t h e  

u n c o n f i n e d  e d g e ,  ( b )  s o f t  b a s e ,  a n d  (c )  i n s u f f i c i e n t  

c o n f i n e m e n t  o f  t h e  s u r r o u n d i n g  mix d u e  t o  a low v i s c o u s  

r e s i s t ance  of the mix." 

G e l l e r  comments f u r t h e r  on t h e  problem of s o f t  base. HWhen 

t h i s  condition is present ,  t h e  mix can be very s t a b l e  and it can 

be r o l l e d  a n d  r e r o l l e d ;  y e t  d e n s i t y  f a l l s  i n  and  o u t  of 

specif icat ion without apparent  rhyme and reason. If t h e  base  

d e f l e c t s  d u r i n g  t h e  r o l l i n g  process, it is ve ry  d i f f i c u l t  t o  

a c h i e v e  p a s s i n g  density. The g r e a t e r  t h e  applied compaction 

e f f o r t ,  t h e  more t h e  b a s e  may deflect. It is a Catch-22 



situation. 

"It is sometimes possible t o  de tec t  t h i s  condition in  t h e  

f ie ld by using a nuclear gauge and measuring t h e  density of t h e  

base p r io r  t o  laydown t o  determine t h e  dispersion of readings 

about a cent ra l  value. I f  it is possible t o  t ake  a reading in 

an area known t o  have suff ic ient  s t i f fness  f o r  compaction, t h i s  

r ead ing  t h e n  becomes t h e  relat ive standard t o  measure other 

r ead ings  t a k e n  a t  random. If  a so f t  base condition can be 

predicted, it should be brought t o  t h e  attention of t h e  resident 

engineer f o r  a resolution of t h e  problem." 

Final ly ,  Ge l l e r  p resen ted  a paper  a t  an ASTM Technical 

Symposium in lS82 ent i t led "Compaction Equipment f o r  Asphalt 

Mixturesn (18) .  A small  p o r t i o n  of t h a t  r e p o r t  dea l t  wi th  

roll ing pa t te rns  f o r  compaction equipment. It was pointed out 

t h a t  l abora to ry  and f i e l d  cond i t ions  f o r  dens i f  i c a t i o n  a r e  

d i f f i cu l t  and t h a t  t h e  s t i f fness  of the underlying layer  a f fec ts  

t h e  abi l i ty  t o  obtain density. A s  in t h e  o ther  paper, however, 

no def in i t ive  data  is provided a s  t o  how grea t  t h e  influence of 

sublayer support real ly  is on t h e  density levels. Thus, it is 

s ta ted  once again t h a t  eublayer s t i f fness  is important bu t  t h e  

degree of e f fec t  is not quantified. 

Dynapac published a se r i e s  of booklets on t i p s  f o r  ro l le r  

o p e r a t o r s  (19,20,21). One e n t i t l e d  Procedures fox Rollinu a, 

Test S t r i p  with a Dvna~ac  Vibratorv Roller, contains a section 



on compaction problems (19). The booklet s t a t e s  "When t h e  mix 

l a c k s  s t a b i l i t y  and/or a poor ~ u b g r a d e  e x i s t s ,  it may be 

necessary  t o  r o l l  t h e  f i r s t  p a s s  i n  low amplitude and t h e  

balance with t h e  vibration off. O r ,  in  worst cases, r o l l  a l l  

p a s s e s  without  v ib ra t ion .  I n  a l l  problem mix situations,  it 

w i l l  be necessary t o  experiment t o  find t h e  r igh t  combination t o  

meet density, f in ish  and production  requirement^.^ 

Univers i ty  Research. I n  1969,  t h e  Texas Transportation 

~ n s t i t u t e  publ ished a r e p o r t  e n t i t l e d  ~ o m ~ a c t i o n  of A s ~ h a l t  

Concrete Pavements (22) .  Less than a half page out of a 152 

page t r e a t i s e  is devoted t o  t h e  subject of subgrade support. 

Fifteen f ie ld t e s t  sections were bui l t  in 1965-66-67 in  various 

p a r t s  of Texaa. Benkleman Beam rebound deflection measurements 

were made on each pavement section " ini t ia l ly ,  and i n  selected 

c a s e s  a t  r e g u l a r  i n t e r v a l s  dur ing  t h e  study." Deflection 

measurements were t a k e n  Itat t h e  same locations during both 

summer and winter months t o  determine i f  seasonal var iat ions in  

t h e  pavement f lex ib i l i ty  a r e  a fac tor  influencing t h e  surface 

compactiont1. For t h i s  research project, t h e  asphalt  concrete 

m i x t u r e s  b e i n g  compacted were both new and over lay  t y p e  

construction over both rigid and f lexible  pavement bases. The 

conclusions reached by t h e  authors stated: sData collected in 

t h i s  project  re lat ing pavement density ... with subgrade support 

... do not indicate a t renden 

Swanson, Nemec, and Tons looked a t  n...the hardness of t h e  



s u p p o r t i n g  mediumm a s  a v a r i a b l e  which a f f e c t e d  t h e  

dens i f  i c a t i o n  of a s p h a l t  concrete during compaction (2  3). A 

l a b o r a t o r y  s t u d y  undertaken i n  t h e  mid 1960's used t h r e e  

d i f ferent  sublayer support s t i f  fnesses on which t o  compact two 

inch thick,  1 2  inch by 1 2  inch square asphalt  concrete slabs. 

The b a s e  mater ials  employed were foam rubber (k = 100 pci), 

u r e t h a n e  elastomer (k = 300 pci) and hard rubber (k = 2000 

pci). It was determined from t h i s  research t h a t  t h e  effect  of 

base course s t i f fness  o r  smoothness on density-stabil i ty of a 2 

inch layer  under compaction conditions described in t h i s  report  

was found t o  be small from a pract ical  point of view, although 

t h e  harder bases gave s l ight ly  higher dens i t ies  and s tab i l i t ies .  

Chu, i n  a 1979 report  by t h e  University of South Carolina, 

discussed t h e  use of a ro l le r  control s t r i p  t o  improve t h e  level  

of density on asphalt  concrete overlays (24). H e  s ta ted  t h a t  

#'...application of t h e  control s t r i p  techniques w e r e  found t o  be 

successful in increasing t h e  percent of compaction i n  some cases 

b u t  n o t  e f f e c t i v e  i n  o the r s ,  e s p e c i a l l y  on secondary  road 

s i t e s .  T h e  g e n e r a l  b e l i e f  by  many e n g i n e e r s  i s  t h a t  

d i f f icu l t ies  i n  achieving high degrees of compaction fn t h e  case 

of l i g h t  t r a f f i c  highways, such a s  some of t h e  secondary roads, 

is primarily due t o  t h e  inadequate support  from t h e  base and 

subgrade under t h e  r~ l le rs .~  As part  of t h i s  research study, 

Chu conducted a limited number of Benkelman Beam deflection 

measurements on some experimental pavement roadway sections. 

The "...test r e s u l t s  show, however, t h a t  the re  a r e  t o o  many 



v a r i a t i o n s  i n  p a v e m e n t  d e f l e c t i o n  w i t h i n  a n  i n d i v i d u a l  

experimental sect ion s o  t h a t  no corre la t ion can be made between 

pavement compaction and d e f l e c t i ~ n . ~  

A study en t i t l ed  c o m ~ a c t i o n  of Hot Mix Asphalt Concrete, by 

Finn and Epps, was done a t  t h e  Texas Transportat ion I n s t i t u t e  in 

1980  (25). A very  s h o r t  section on subgrade suppor t  quotes  

Vaughn Marker of The Asphalt I n s t i t u t e  that :  "It is necessary 

f o r  t h e  ro l l ing  e f f o r t  t o  be  supported by a firm base1@ ( 2 6 ) .  

The paper continues: I1Most engineers agree  with t h i s  statement; 

however, t h e r e  are no c r i t e r i a  t o  apply. A v i sua l  evaluation 

based on experience is required. I f  t h e  equipment is causing 

excessive deflection,  it may be necessary t o  u s e  l i g h t e r  loads  

a t  h i g h e r  t e m p e r a t u r e w .  Thus,  once  aga in ,  no  d e f i n i t i v e  

information is provided on t h e  ac tua l  influence of t h e  amount of 

sublayer  s t i f f n e s s  on t h e  ab i l i t y  t o  obtain density.  

Kennedy, e t  al, i n  a r epo r t  cal led Comwaction of A s ~ h a l t  

Mixtures and t h e  Use of Vibratom Rollers, make only one br ie f  

mention of t h e  effect of sublayer support  on pavement densi ty  

( 2 7 ) .  Reference is made t o  a presenta t ion by Hensley (28) t h a t  

" . . . thicker l i f t s  t e n d  t o  p r o t e c t  t h e  s u b g r a d e  ... allowing 

adequate compaction on yielding subgradesn. 

SOV~rnment Aaencv Research. I n  t h e  mid 1970ts, Fuehlke of 

t h e  Wisconsin Department of Transportat ion published a r epo r t  

e n t i t l e d  Com~action of Bituminous Pavement (29). Without any 



s u p p o r t i n g  d a t a ,  he s t a t e d :  "It has been shown that t h e  

s t i f f n e s s  o r  t h e  support ing s t r eng th  of t h e  bases  o r  underlying 

pavement courses  can grea t ly  e f f ec t  t h e  compactability of t h e  

mixtures. The g r e a t e r  t h e  def lect ion t h a t  occurs  when ro l l ing  

t h e  s u r f a c e  course ,  t h e  more d i f f i c u l t  w i l l  it be t o  achieve 

required c61npaction.~ That t a k e s  c a r e  of t h e  total discussion 

of t h e  sub jec t  i n  t h i s  paper. 

According t o  r e s e a r c h  work conduc ted  b y  Hughes, it is 

p o s s i b l e  f o r  a c o n t r a c t o r  t o  o b t a i n  t h e  r e q u i r e d  l e v e l  of 

d e n s i t y  i n  a n  a s p h a l t  c o n c r e t e  mixture on both primary and 

seconda ry  roadways (30).  The s tudy  was concerned with t h e  

adequacy of t h e  d e n s i t y  be ing  a t t a i n e d  on aspha l t  concrete 

o v e r l a y s  of e x i s t i n g  pavements.  A rev iew was made of t h e  

densi ty  l e v e l s  obtained on Virginia highways from 1976 through 

1982 .  The r e s u l t s  showed n...that overlays on t h e  secondary 

roads  w i t h  typ ica l ly  weaker bases can be adequately conpacted a s  

t hose  on primary and I n t e r s t a t e  pavements". This  conclusion was 

r e a c h e d  even  though  it was s t a t e d  t h a t z 9 t C o n t r a c t o r s  have  

compla ined  t h a t  it (a  new d e n s i t y  s p e c i f i c a t i o n )  h a s  been 

applied on roads  with weak bases and t h e  l eve l  of compaction 

canno t  be ob ta inedm.  Thus it appears, a t  least in Virginia, 

t h a t  t h e  e f f ec t  of sublayer  suppor t  on low volume roadways is 

not  a f a c t o r  i n  obtaining adequate dens i ty  levels. 

A presentat ion made a t  an aspha l t  compaction conference in 

N e w  York in 1979 by Afferton of t h e  New J e r sey  Department of 



Transportation was concerned with why compaction is necessary 

(31). It was stated t h a t  HIdeally, a firm foundation is needed 

t o  achieve good compaction. Experience has shown t h a t  it is 

v i r t u a l l y  impossible  t o  uniformly dens i fy  a t h i n  bituminous 

mixture on an uns table  subgrade. However, with th ick  l i f t s ,  

g rea te r  than four  inches, foundation ins tabi l i ty  has  proven t o  

be  a less s i g n i f i c a n t  d e t e r r e n t  t o  mixture compaction." No 

s u p p o r t i n g  i n f o r m a t i o n  is p rov ided  f o r  e i t h e r  s ta tement ,  

however. Whatever exper ience  is available is evidently not 

quantified. 

The U S  Army Corps of Engineers Waterways Experiment Station 

conducted a study t o  evaluate vibratory ro l l e r s  (32) .  Several 

asphalt  concrete overlays were constructed "...over sections of 

a r ig id  pavement and a f lexible  pavement with both a s t rong and 

weak foundation." Some 30 test sect ions were constructed with 

t h e  overlay consisting of 1 1/2 inches of asphal t  concrete o r  

tar-rubber  mix. From t h e  data  presented In  t h e  report ,  adequate 

leve ls  of density could be achieved i n  e i t h e r  mix over any of 

t h e  sublayer conditions. Different vibratory r o l l e r s  obtained 

t h e  required density levels  a t  various amplitudes, frequencies, 

s p e e d s ,  and  number of passes ,  b u t  t h e  v a r i a b i l i t y  of t h e  

sublayer s t i f fness  did not prove t o  be a problem. 

A study was undertaken i n  England t o  determine i f  an asphalt  

concrete mixture could be  placed and compacted d i rec t ly  on weak 

subgrade so i l s  (33). Two different  mixtures, a rolled asphalt  



and a dense  coated macadam, were placed on three di f ferent  

s t rength bases a t  t h e  Transport and Road Research Laboratory 

t e s t  pi t .  The t h r e e  foundations included a clay with a CBR of 

2 t o  3, ano the r  c l a y  with a CBR of 12 t o  15, and a rigid 

concrete slab. The two asphalt concrete mixtures were placed 

approximately s ix  inches t h i c k  over each d i f ferent  s t i f f  nesses 

of base. Multiple passes were made over each mix and subgrade 

so i l  combination using a 10 ton tandem roller.  It was found 

" t h a t  a f t e r  6 passea  of t h e  r o l l e r ,  t h e  ave rage  l e v e l s  of 

compaction achieved on t h e  th ree  foundations were not  very much 

d i f ferent .  Additional rolling resul ted in  improved compaction 

except with t h e  dense bitumen macadam on t h e  weak foundation 

where t h e  d e n s i t y  of t h e  ma te r i a l  d i d  no t  increase ... and 

cracks developedH. Beams cu t  from t h e  t e s t  sections were tes ted  

f o r  dynamic s t i f fness .  The resul t8  indicated high leve l  cf 

s t i f fness  even in  t h e  materials la id on t h e  weakest foundationn. 

Other Reports. A t  t h e  1982 annual meeting of t h e  Texas Hot 

Mix Asphalt Pavement Association, Kemp presented a t a l k  ent i t led  

'#In-Place Density -- Cont rac to r8s  Viewn (34) .  One of t h e  

points discussed was t h e  problem of compacting a mix n...if t h e  

d e n s i t y  o r  s t a b i l i t y  of t h e  old s u r f a c e  is low. You have 

nothing t o  compact against." N o  da ta  o r  reaesrch r e s u l t s  were 

brought for th  t o  quantify t h e  problem however. 

Summarv. The rev iew of l i t e r a t u r e  l e a d s  t o  s e v e r a l  

conclusions.  Firs t ,  a s ignif icant  number of technical  papers 



have been writ ten over t h e  l a s t  twenty years  on t h e  subject  of 

asphal t  pavement compaction. Many of these  repor t s  d i scuss  some 

of t h e  f a c t o r s  which d i rec t ly  a f fec t  t h e  ab i l i ty  t o  a t ta in  a 

desired l eve l  of density i n  t h e  pavement layer. Only a few of 

t h e  research works, however, ident i fy  t h e  s t i f f n e s s  o r  support  

of t h e  s u b l a y e r  a s  an important f ac to r  t o  be considered in 

obtaining density. 

Second ,  a l l  b u t  two  of t h e  r e p o r t s  l a c k  any  d a t a  t o  

subs tan t ia te  t h e  claims t h a t  sublayer support  a f f e c t s  density. 

Many a u t h o r s  s t a t e  t h a t  t h i s  v a r i a b l e  can c a u s e  a density 

problem, b u t  they do not provide any information t o  back up 

t h e i r  statements. Only t h e  research work done by t h e  N e w  York 

S ta t e  Department of Transportation i n  1964 (13,14) and t h e  more 

recent  1986 paper by t h e  English Transport and Road Research 

Laboratory (33) contain any s ignif icant  amount of hard data. 

The f i n a l  conclusion from t h e  l i t e r a t u r e  review, therefore,  

is t h a t  while some people seem t o  f e e l  t h a t  t h e  s t i f f n e s s  of t h e  

sublayer is important and a f f ec t s  t h e  leve l  of densi ty  t h a t  can 

be a t ta ined in  a newly placed overlying asphal t  concrete course, 

no one  seems concerned enough about t h e  problem t o  do much 

research i n t o  it, on t o  t r y  t o  quantify t h e  problem. 

Survey of t h e  S t a t e s  

P a r t  of t h i s  State-of-the-Art repor t  included a survey of 



c u r r e n t  compaction p r a c t i c e s  by some selected s t a t e  highway 

departments. For t h i s  effor t ,  a brief questionnaire form was 

developed, a s  shown in Table 2. Telephone ca l l s  were made t o  

engineers in  t h e  materials or  construction departments i n  each 

agency and t h e  questions asked. The r e s u l t s  of t h e  survey a re  

given below. 

A t o t a l  of 25  d i f ferent  s t a t e s  were contacted. The s t a t e s  

selected were chosen primarily f o r  t h e i r  geographic location and 

t y p e  of compact ion  s p e c i f i c a t i o n  (method s p e c i f i c a t i o n  o r  

q u a l i t y  a s su rance  specif icat ion) .  I n  alphabetical order, t h e  

s t a t e s  questioned were: Alabama, Alaska, Colorado, Connecticut, 

F l o r i d a ,  G e o r g i a ,  I n d i a n a ,  I o w a ,  K e n t u c k y ,  L o u i s i a n a ,  

Mississippi, New Mexico, New York, North Carolina, Ohio, Oregon, 

Pennsylvania, South Carolina, Texas, Utah, ~ i r g i n i a ,  Washington, 

West Virginia, Wisconsin, and Wyoming. 

Alabama. This s t a t e  indicated t h a t  t h e  question of sublayer 

s t i f fness  in regard t o  pavement density had not been a problem 

i n  t h e  pas t .  The primary d i f f i c u l t y  w i t h  density revolved 

around th in  l i f t  surface course construction, par t icular ly when 

layers  of 100 psy o r  l e s s  of m i x  were placed. The problem was 

solved by increasing t h e  minimum course thickness t o  125 psy. 

Alaska. If t h e  required density leve l  is not obtained on a 

pavement layer  in this  s ta te ,  t h e  contractor is required t o  make 

changes in h i s  compaction techniques. This includes increasing 



t h e  mix tempera ture ,  adding r o l l e r s ,  changing t h e  t y p e  of 

compaction equipment, and changing t h e  ro l le r  pattern. I n  a few 

cases ,  t h e  a s p h a l t  cement content of t h e  mix was increased. 

After several  adjustments a re  made by t h e  contractor, and i f  t h e  

d e s i r e d  l e v e l  of d e n s i t y  is still no t  a t t a i n a b l e ,  t h e  DOT 

assumes control of t h e  compaction operation under a method type 

of specification. Alaska has not had any major problem due t o  

lack of s u b l a y e r  support  because thick, free-draining gravel 

bases a r e  used under a l l  asphalt  concrete courses. 

color ad^. Colorado h a s  had problems i n  obta in ing  t h e  

r e q u i r e d  d e n s i t y  v a l u e s  on some p r o j e c t s  when a n  a spha l t  

concrete base course iayer  has  been placed d i rec t ly  on a so f t  

c lay  subgrade  s o i l  ( f u l l  dep th  cons t ruc t ion) .  "Engineering 

judgement" i a  used t o  adjust  t h e  t a r g e t  density values f o r  t h e  

f i r s t  layer  of mix. Each problem is handled on a job-by-job 

basis, usually a t  the d i s t r i c t  level. The problem of sublayer 

support  a l so  occurred on one project where a sand mix was placed 

a s  a l eve l ing  c o u r s e  on t o p  of a Por t land  cement concrete 

pavement which had extensive cracking in t h e  s labs due t o  an 

alkali-aggregate reaction. The contractor could not  ge t  density 

in t h e  first dense graded asphalt concrete layer  la id over the 

sand mix material. 

The s t a t e  owns a Dynaflect  machine. This equipment is 

somet imes  u s e d  t o  measure t h e  d e f l e c t i o n  of t h e  e x i s t i n g  

pavement s t ruc tu re  on an in te r s t a t e  highway before resurfacing. 



Deflection measurements a r e  a lso occasionally taken on t h e  new 

overlay and t h e  change in s t rength  of t h e  s t r u c t u r e  calculated. 

This information, however, is used f o r  research purposes only. 

Colorado has  not made any changes in t h e  required densi ty  leve l  

on any job based on t h e  i n i t i a l  deflection values. 

Connect icut .  Th i s  s t a t e  h a s  n o t  exper ienced  any major 

problems in a t ta in ing  density on t h e i r  asphal t  concrete layers.  

Where t h e  contractor  has not been able  t o  achieve t h e  necessary 

d e n s i t y  e a r l y  i n  t h e  project ,  he has  adjusted h i s  compaction 

process in some manner t o  make t h e  specification level. 

Florida. Because asphal t  concreta pavement l aye r s  a r e  b u i l t  

on limerock base courses, Florida has  not  had any problems with 

sublayer support.  The limerock material is self-cementing and 

sets up when compacted a t  optimum moisture content, The base 

course t h u s  is qu i t e  s t i f f ,  like a cement t r ea t ed  base course. 

The s p e c i f i c a t i o n  compaction requi rements  i n  t h i s  s t a t e  a r e  

r e l a t i v e l y  low, and few d i f f i c u l t i e s  a r e  encountered by t h e  

contractor in achieving t h e  required dens i ty  level. 

Georsia. Although t h i s  s t a t e  has  a QC/QA specification f o r  

d e n s i t y ,  t h e  D O T  r e a l l y  con t ro l s  t h e  compaction process. A 

control  s t r i p  is constructed by t h e  contractor  f o r  each mix used 

on a p r o j e c t .  I f  t h e  n e c e s s a r y  l e v e l  of d e n s i t y  is n o t  

at tained,  a s  compared t o  t h e  maximum theore t ica l  densi ty  f o r  t h e  

mixture, t h e  contractor  and t h e  s t a t e  engineers decide how t o  



change t h e  compaction operation. I f  t h e  dens i ty  l e v e l  is still 

not  reached, t h e  d i s t r i c t  materials  engineer  has  t h e  author i ty  

t o  waive the densi ty  specificat ion.  I n  1985, 6 percent  of t h e  

j obs  b u i l t  i n  Georgia o p e r a t e d  unde r  a so-called "Pract ical  

Density" specificat ion.  

The change i n  t h e  specificat ion requirements is usually due 

t o  t h i n  l i f t  c o n s t r u c t i o n ,  weather conditions, o r  mix design 

problems -- asphal t  content,  aggregate gradations,  o r  changes i n  

t h e  aggregate  charac te r i s t i cs .  The problem of sublayer  support  

is a ve ry  minor one. Most of t h e  lack of densi ty  problems a r e  

due t o  poor construction practices.  

I n d i a n q .  T h i s  s t a t e  o p e r a t e s  u n d e r  a method t y p e  

specif icat ion and t h e  highway department controls the compaction 

process. Density is not  measured -- a s tandard r o l l e r  pa t te rn  

is used f o r  each project .  Any problems t h a t  might occur  with 

sublayer  suppor t  a r e  e i t h e r  ignored o r  handled on t h e  project .  

Since t h e  cont rac tor  is not responsible f o r  t h e  l e v e l  of densi ty  

required,  and s ince t h e  ac tua l  compaction l e v e l  obtained is not 

determined, Indiana essen t ia l ly  never  has  a densi ty  problem. 

Iowa. I n  1985, Iowa c o l l e c t e d  o v e r  $200,000 i n  p r i c e  

adjustments from its cont rac tors  because of t h e  l e v e l  of densi ty  

on paving projects .  I n  general,  t h e  problems were r e l a t ed  t o  

poor mix design o r  poor construction p rac t i ce s  r a t h e r  t han  t o  a 

d e f i c i e n c y  i n  sublayer  support.  A s  a s tanding rule ,  densi ty  



requirements a r e  not nrelaxedn on in te r s t a t e  o r  primary highway 

paving projects. Adjustment t o  t h e  penalt ies applied a r e  made, 

however ,  on p a v i n g  work done on some secondary roadway 

projects. The primary reason fo r  t h e  penalty relaxation is t h e  

t h i n  l i f t  cons t ruc t ion  specified in  t h e  plans. When a weak 

eublayer  condi t ion  is suspected, t h e  contractor usually adds 

more r o l l e r s  t o  t h e  compaction t r a i n  o r  adds more asphalt  cement 

t o  t h e  mix. In  t h i s  s t a t e  t h e  contractor is in complete charge 

of t h e  compaction operation. When fai l ing density r e s u l t s  a re  

obtained, t h e  contractor can usually quickly a l t e r  some phase of 

h i s  paving and compaction process t o  bring t h e  density levels  up 

t o  100 percent pay levels. 

Kentucky. This s t a t e  highway department has  a provision 

wr i t t en  i n t o  its s t andard  s p e c i f i c a t i o n s  t o  allow a project  

engineer to accept lower levels  of density than specified. The 

specifications s t a t e  t h a t  when t h e  attained density is less than 

requ i red ,  t h e  eng inee r  may accept  t h e  course based on t h e  

c h a r a c t e r  of t h e  underlying material. This determination is 

made on a project  by project  basis  by t h e  engineer i n  charge of 

t h e  job. The density waiver provision applies only t o  t h e  f i r s t  

asphalt concrete course placed. The contractor is expected t o  

obta in  t h e  r equ i red  d e n s i t y  l e v e l s  on a l l  layers  above t h e  

in i t i a l  courses. 

Kentucky has  experienced d i f f icu l t ies  i n  at ta ining density 

in t h e  past. This was primarily t r u e  on low asphal t  content 



mixes. A s  t h e  pr ice of asphalt  cement increased, t h e  amount of 

binder specified in t h e  mix decreased. By returning t o  more 

optimum asphalt  cement contents, t h e  compaction problem has  been 

reduced.  Con t rac to r s  a l s o  have d i f f i c u l t y  occas ional ly  i n  

g e t t i n g  density on th in  l i f t s  and variable thickness  leveling 

c o u r s e s .  When a problem with d e n s i t y  occurs ,  paving is 

suspended u n t i l  an acceptable solution is found. No penalties 

a re  applied. A combined contractor - s t a t e  e f fo r t  is made t o  

correct  t h e  problem. 

Louisiana.  I n  t h e  p a s t  few years, a s  Louisiana changed 

t h e i r  compaction requi rements  t o  increase t h e  density level 

needed on an a s p h a l t  concre te  mixture,  some problems have 

occurred when t h e  f i r s t  layer  of mix was placed on a granular  

b a s e  c o u r s e .  T h e  c o n t r a c t o r ,  o p e r a t i n g  u n d e r  Q A / Q C  

s p e c i f i c a t i o n s ,  had  t h e  r e s p o n s i b i l i t y  t o  a t t a i n  d e n s i t y  

r e g a r d l e s s  of t h e  p r o j e c t  condi t ions.  On severa l  projects, 

however, the underlying granular base materials yielded under 

t h e  rol lers .  In  these  cases, t h e  highway department took charge 

of t h e  compaction operation. The density specifications were 

waived for t h e  i n i t i a l  asphalt  concrete layer  due t o  a lack of 

~ ~ u b l a y e s  support. This was done on a project  by project  basis, 

usually a t  t h e  d i s t r i c t  level. 

T h i s  s t a t e  h a s  o p e r a t e d  u n d e r  q u a l i t y  a s s u r a n c e  

specifications f o r  many years. Density attainment problems have 

been few. The contractor has  h i s  choice of correct ive actions 



t o  t a k e  if the required densi ty  l eve l s  a r e  not  reached. He can 

add ro l le re ,  change t h e  mix design, etc. The s t a t e  believes 

t h a t  t h e  c o n t r a c t o r  c a n  a c h i e v e  d e n s i t y ,  even  on a s o f t  

s u b l a y e r ,  if he  is r e a l l y  r e q u i r e d  t o .  Most c o n t r a c t o r s ,  

however, w i l l  a t tempt t o  g e t  t h e  specif icat ion waived ins tead  of 

i n i t i a l l y  t r y i n g  t o  improve t h e i r  compaction operation. 

p i s e i s s i ~ ~ _ i .  This s t a t e  a lso  bel ieves  t h a t  its cont rac tors  

c a n  a t t a i n  t h e  l e v e l  o f  d e n s i t y  r e q u i r e m e n t  i n  t h e  

specif icat ions .  No problems have been encountered with lack of 

s u b l a y e r  s u p p o r t .  No major  problems have  o c c u r r e d  wi th  

density.  If t h e  cont rac tor  can not  obtain t h e  necessary densi ty  

l eve l s  whan construct ing a r o l l e r  test s t r i p ,  he must change h i s  

operation in some manner t o  reach t h e  required dens i ty  plateau. 

New Mexico. T h i s  s t a t e  h a s  a QA/QC s p e c i f i c a t i o n  f o r  

density.  Few problems have been encountered with t h e  at tainment 

of d e n s i t y .  I f  t h e  c o n t r a c t o r  does encounter problems, t h e  

problems a r e  invest igated and if  t h e  cause is beyond h i s  con t ro l  

t h e  d e n s i t y  s p e c i f i c a t i o n  is modified.  Problems have been 

encountered with s o f t  sublayers  and t h e  specif icat ion h a s  been 

modified general ly  only a f t e r  review by t h e  c e n t r a l  office. 

New York. ~ e n s i t y  l eve l s  a r e  no t  measured in  N e w  York. 

Method s p e c i f i c a t i o n s  f o r  compaction are used with t h e  state 

s e t t i n g  t h e  c o m p a c t i o n  e q u i p m e n t  a n d  r o l l i n g  p r o c e d u r e  

requirements. Problems with the lack of dens i ty  at tainment due 



t o  poor sublayer support do not theoretically exist .  

North Carolinn. A combination of method and end resu l t  

specif icat ions a r e  used i n  North Carolina. The contractor is 

required t o  have a t  l eas t  two s t ee l  wheel ro l l e r s  on t h e  job and 

is also required t o  a t t a in  a minimum percentage of laboratory 

density. The contractor is allowed a period of t i m e  t o  adjust  

h i s  operation t o  achieve t h e  needed density level. After t h a t  

per iod ,  t h e  opera t ion  is suspended while t h e  s t a t e  and t h e  

contractor attempt t o  f ind a mutually acceptable solution t o  t h e  

d i f f i c u l t y .  Because of t h e  cooperation a t t i tude ,  few density 

penalt ies a r e  applied. 

On paving  p r o j e c t s  where a y ie ld ing  s u b l a y e r  h a s  been 

encountered,  ad jus tments  w i l l  be made by t h e  s t a t e  highway 

department t o  t h e  required density levels. This is accomplished 

a t  t h e  p r o j e c t  l e v e l  by t h e  s t a t e ' s  engineer, based on h i s  

eng inee r ing  judgement. The problem primarily e x i s t s  on new 

cons t ruc t ion  jobs  and on t h e  f i r s t  lift of asphalt  concrete 

placed on t h e  subgrade s o i l  o r  granular base materials. 

Ohio. On In te r s t a t e  and primary highway paving projects,  

Ohio r e q u i r e s  t h a t  t h e  contractor meet a minimum percent of 

maximum t h e o r e t i c a l  density. I n  qrzeral ,  under QC/QA specs, 

t h e r e  h a v e  b e e n  m i n i m a l  prob1ea.s  mee t ing  t h e  d e n s i t y  

spec i f i ca t ions .  On secondary road lays,  d e n s i t y  l e v e l s  a r e  

controlled by method specifications. Because of t h i s  procedure, 



problems with attaining density when a s o f t  underlying layer  is 

encountered on low volume roads a r e  not recorded o r  reported. 

Oreson. The Oregon Highway Department routinely conducts a 

deflection survey of its pavement s t ruc tu res  which a re  scheduled 

f o r  resurfacing. The deflection values a r e  used t o  determine 

t h e  th ickness  of t h e  overlay needed on each project. These 

deflect ion readings a r e  available t o  t h e  project  engineer and 

a c t  a s  a guide t o  areas  where density attainment might be a 

problem. Th i s  r a r e l y  occurs, however, because t h e  density 

specifications call f o r  a minimum of 91 percent of t h e  maximum 

t h e o r e t i c a l  d e n s i t y .  B e f o r e  p e n a l t i e s  a r e  a s sessed ,  t h e  

contractor need only t o  a t t a in  98 percent of t h e  base density 

value ( t h i s  means up t o  10.8 percent a i r  voids i n  t h e  mix). The 

c o n t r a c t o r s  have l i t t l e  t r o u b l e  a t ta in ing  t h e  density level, 

even on s o f t  yielding sublayer conditions. Indeed, t h e r e  are 

very few pr ice  adjustments taken f o r  density. 

Pennsv lvanh .  S imi lar  t o  Ohio, ~ e n n s y l v a n i a  uses QC/QA 

s p e c i f i c a t i o n s  fo r  density on projects on major highways and 

u s e s  method s p e c i f i c a t i o n s  f o r  over lay  work on secondary 

roadways. They have no t  had any major problems with t h e  

c o n t r a c t o r s  a t t a i n i n g  d e n s i t y  on t h e  h i g h e r  t r a f f i c  volume 

pavement resurfacing projects. On the method spec jobs, where 

the re  is a perceived problem due t o  a yielding sublayers, t h e  

s t a t e  w i l l  make an adjustment in  t h e  desired density level. The 

po ten t i a l  density problem, however, must be ident i f ied by t h e  



contractor before paving commences. N o  "hindsightn adjustments 

t o  t h e  density levels  are allowed. The s t a t e  project  engineer 

is empowered t o  make t h e  necessary changes in  t h e  compaction 

requirements based on h i s  knowledge of t h e  job and engineering 

judgement. 

South ~ a r o l i n a .   his s t a t e  uses  a control s t r i p  procedure 

t o  s e t  t h e  density requirements on a project. According t o  t h e  

information received,  South Carolina has not experienced any 

problems a t t a i n i n g  dens i ty .  They have a l s o  n o t  had any 

d i f f icu l ty  with lack of sublayer support. 

Texas. Texas has not had any major problems related t o  

s u b l a y e r  suppor t .  Most of t h e  g e n e r a l  d e n s i t y  a t ta inment  

d i f f i c u l t i e s  a r e  r e l a t e d  "...to t h e  c o n t r a c t o r ' s  l a c k  of 

willingness t o  t r y  t o  obtain t h e  necessary density level". It 

was t h e  d i s t inc t  feeling t h a t  a contractor can reach t h e  density 

needed i f  he conducts h i s  compaction operation properly. On 

one project  where t h e  shoulder adjacent t o  t h e  mainline pavement 

was in  poor condition and was being overlaid, t h e  s t a t e  agreed 

with t h e  con t rac to r  t o  reduce t h e  required compaction level. 

Because  t h e  d i s t r i c t s  i n  Texas  a r e  s o  autonomous, it is 

d i f f i c u l t  to g e n e r a l i z e  i n  r e g a r d  a s  t o  how d e n s i t y  

spec i f i ca t ions  a re  enforced o r  waived. Paving problems a r e  

solved a t  t h e  district: leve l  on a job by job basis. If problems 

occur ,  t h e y  a r e  handled locally. Few density penal t ies  are 

ever assessed. 



TJtah. To el iminate  pas t  problems with attaining density,  

Utah has increased it minimum course thickness f o r  any layer  t o  

2 1 / 2  inches.  This  s i g n i f i c a n t  mat depth  allows more heat 

retention and more time f o r  t h e  contractor t o  achieve compaction 

before t h e  mix cools. Density requirements a r e  not d i f f icu l t  -- 
t h e  average of four cores must be a t  l e a s t  93 percent of t h e  

Rice density and no single value can be l e s s  than 89 percent of 

t h e  maximum theoret ical  density. I f  density problems do occur, 

t h e  s t a t e  project  engineer has t h e  authority t o  increase t h e  

a s p h a l t  cement con ten t  i n  t h e  mix. T h i s  change typ ica l ly  

l q s o l v e s w  t h e  d e n s i t y  problem. No l a c k  of compact ion  

d i f f icu l t ies  have been blamed on lack of sublayer support. 

vl?kdLnh. The p r o j e c t  managers f o r  the s t a t e  highway 

department  can waive t h e  density specifications on a project  

where it i e  be l ieved t h a t  a y ie ld ing  sub layer  condition is 

inf luencing  t h e  c o n t r a c t o r s  a b i l i t y  t o  o b t a i n  t h e  requi red  

compaction levels. T h i s  occurs occasionally when an asphalt  

concre te  over lay  is constructed on top of a surface t r ea ted  

pavement s t ructure.  In  general, however, poor sublayer support 

is not a major problem. Density attainment problems occur on 

about 2 percent of t h e  Virginia projects. These a r e  no t  one 

s p e c i f i c  t y p e  of d i f f i c u l t y ,  b u t  a r e  more r e l a t e d  t o  t h e  

contractor ls  operation and t o  a lack of quali ty control. 

Waehhutoq. The contractor can choose to operate under a 

QC/QA apec or a method spec in  t h i s  s ta te .  Under t h e  quali ty 



assurance specification, t h e  contractor builds a density control 

s t r i p  a t  t h e  s t a r t  of t h e  job. I f  a so f t  spot is found in t h e  

grade a t  some point in t h e  paving process, and i f  t h e  contractor 

can p rove  t h a t  t h e  y ie ld ing  sublayer a f fec ts  hie ab i l i ty  t o  

achieve density, using t h e  same equipment and ro l le r  pa t te rns  a s  

on t h e  test  s t r i p ,  any density penalty would be adjusted or  

waived. This action, however, can only by accomplished a t  t h e  

headquar te r s  cons t ruc t ion  office, not a t  t h e  d i s t r i c t  or t h e  

project level. 

For low d e n s i t y  determinat ions,  no t  re la ted  t o  sublayer 

support, the  contractor is in charge of a l ter ing h i s  compaction 

operation t o  achieve t h e  desired density. H e  can change t h e  

t y p e  of equipment used, t h e  ro l le r  pat tern employed, o r  t h e  

number of ro l l e r s  operated. I f  none of these  changes bring t h e  

dens i ty  valuea up t o  t h e  required levels, t h e  s t a t e  w i l l  add 

more a s p h a l t  cement t o  t h e  mix and/or adjust  t h e  aggregate 

gradation. On method spec jobs, density levels  a re  controlled 

by t h e  s t a t e  and compaction leve ls  a re  not monitored. 

West Viruinia .  The s t a t e  requires t h e  construction of a 

compaction t e s t  s t r i p  a t  t h e  s t a r t  of each project. A nuclear 

gauge is used t o  determine when t h e  maximum relat ive density is 

obtained. No c o r e s  a r e  cut,  however, and no correlation t o  

ac tua l  a i r  void content is determined. Nuclear density tests 

a re  run throughout the  r e s t  of t h e  job, but no penalt ies a re  

appl ied  i f  t h e  r equ i red  density level is not  attained. The 



contractor  is merely requested t o  a l t e r  h i s  ro l l ing  operation t o  

t r y  t o  gain more density.  When a s i tua t ion  a r i s e s  where a weak 

foundation l aye r  is present ,  t h e  cont rac tor  is allowed t o  r e v e r t  

t o  a r o l l e r  pas s  t y p e  specificat ion over t h e  yie lding sublayer. 

I n  any case, dens i ty  is not  measured. Essent ia l ly  t h e  densi ty  

requirements (which don't  rea l ly  ex is t )  a r e  waived, a s  necessary 

by pro jec t  personnel. 

Wisconsin. On l a t e  season paving projects ,  problems with 

d e n s i t y  and  s u b l a y e r  s t i f f n e s s  have occurred when t h e  base 

c o u r s e  m a t e r i a l s  a r e  w e t .  When t h i s  occu r s ,  t h e  s t a t e ' s  

engineer has  t h e  option of relaxing t h e  dens i ty  requirement o r  

waiving t h e  specif icat ions  a r e  ins t i tu ted .  I n  regard t o  densi ty  

requirements generally,  a problem occasionally e x i s t s  when harsh 

mixes a r e  produced.  The contractor  is expected t o  increase  

hiscompaction e f f o r t  i n  o rder  t o  achieve t h e  required densi ty  

level. Density problems overal l  are minimal. 

Wvominq. This s t a t e  has  one of t h e  most s t r i n g e n t  densi ty  

requirements -- an average of 95% of maximum theo re t i ca l  densi ty  

with no  i n d i v i d u a l  tests less than 92 percen t  (although t h e  

s p e c i f i c a t i o n  is r a r e l y  e n f o r c e d ) .  A c o n t r o l  s t r i p  is 

c o n s t r u c t e d  and  t h e  d e n s i t y  ob ta ined  is measured. If t h e  

cont rac tor  does not  achieve t h e  required dens i ty  level ,  a second 

s t r i p  is compacted a t  s t a t e  expense. If t h i s  sect ion a l so  f a i l s  

densi ty  t h e  cont rac tor  bu i lds  a t h i r d  s t r i p  a t  h i s  expense. I f  

t h e  highway department f e e l s  t h a t  t h e  cont rac tor  h a s  made a 



s incere  e f f o r t  t o  make densi ty  b u t  still can not, t h e  s t a t e  w i l l  

a l t e r  t h e  mix design -- increasing t h e  aspha l t  cement content  o r  

changing  t h e  aggregate gradation.  The dens i ty  specif icat ions  

a r e  wa ived ,  b y  t h e  c e n t r a l  m a t e r i a l s  l a b o r a t o r y ,  on some 

pro jec t s  where t h i n  l i f t s  a r e  shown on t h e  plans. O n  low volume 

roadways w i t h  poor base support ,  a method compaction spec is 

subs t i tu ted  f o r  t h e  normal dens i ty  requirement. 

Summan!. From t h e  r e s u l t s  of t h e  telephone survey, it is 

e v i d e n t  t h a t  t h e  p r o b l e m  o f  s u b l a y e r  s t i f f n e s s  o c c u r s  

occas iona l ly  i n  most s t a t e s .  The problem, however, is not  

quantified. None of t h e  s t a t e  highway departments consciously 

t a k e  s u b l a y e r  s u p p o r t  i n t o  a c c o u n t  when s e t t i n g  up t h e  

compaction spec i f ica t ion  f o r  a pa r t i cu l a r  new construct ion o r  

resurfacing project .  Most choose t o  requi re  t h e  name degree  of 

d e n s i t y  i n  a l l  aspha l t  concrete  l a y e r s  on a l l  t y p e s  of jobs. 

The  e x c e p t i o n s  a r e  t h e  s t a t e o  t h a t  u s e  q u a l i t y  a s s u r a n c e  

specif icat ions  on their high t r a f f i c  volume roadway p ro j ec t s  and 

who a l so  allow the use  of method type  spec i f ica t ions  f o r  overlay 

work on secondary highways. 

When a d e n s i t y  problem o c c u r s  on a p r o j e c t ,  t h e  e t a t e  

requi res  t h e  cont rac tor  t o  change h i s  compaction operation in 

some manner -- by increasing t h e  number of ro l l e r s ,  by changing 

r o l l e r  types,  and by a l t e r ing  r o l l e r  p a t t e r n s  -- i n  o rde r  t o  

increase  t h e  compaction e f f o r t  applied t o  the mix. If none of 

t h e s e  changes increase  t h e  l eve l  of dens i ty  being obtained, the 



s t a t e  w i l l  t y p i c a l l y  a l t e r  t h e  mix design. This is normally 

done by first inc reas ing  t h e  asphal t  cement content i n  t h e  

mater ial .  I f  t h i s  f a i l s  t o  increase t h e  density obtained, a 

change in  aggregate gradation is t r i e d  next. I n  most cases, a 

cooperative a t t i t u d e  ex i s t s  between t h e  s t a t e  and t h e  contractor 

in  t ry ing  t o  solve t h e  lack of density difficulty.  Full pr ice 

a d j u s t m e n t s  f o r  f a i l u r e  t o  meet d e n s i t y  requi rements  a r e  

evidently applied only when t h e  contractor does not  t r y  t o  solve 

t h e  problem on h i s  own o r  has  a bel l igerent  position towards t h e  

s t a t e  personnel. 

I n  regard t o  sub layer  support, t h e  problem is generelly 

handled on a project  by project  basis, typical ly  a t  t h e  local 

(project  o r  d i s t r i c t )  level. If t h e  s t a t e  personnel know t h a t  

t h e  pavement layers  underlying t h e  new overlay a r e  weak and 

yielding, t h e  density specifications a r e  often waived. The same 

is t r u e  when an  a s p h a l t  concrete layer  is placed on a so f t  

subgrade soil.  There does not appear t o  be any def in i te  written 

rules, however, a s  t o  when t h e  specifications a r e  s e t  aside and 

when t h e y  a r e  en fo rced .  The "bes t  f a i t h w  e f f o r t  on t h e  

contractor seems t o  play a major ro le  in helping the state t o  

dec ide  t o  waive o r  r e l a x  t h e  densi ty  requirements. If the 

contractor  can convince t h e  project  engineer t h a t  h e  can not 

a t t a i n  d e n s i t y  b e c a u s e  of  t h e  weak f o u n d a t i o n ,  t h e  

specifications a r e  usually set aside. 

A s t rong note of caution must be s tated,  however. In  most 



s t a t e s  t h e  compaction requirements fo r  asphalt concrete mixtures 

a r e  n o t  v e r y  d i f f i c u l t  t o  achieve.  One reason why more 

compaction problems a re  not evident is t h a t  t h e  specification 

requirements a r e  very low t o  begin with. The s t a t e s  with t h e  

higher density requirements normally have more density problems 

t h a n  d o  t h e  s t a t e s  with lower specification l i m i t s .  T h i s  is 

t r u e  fo r  t h e  question of sublayer support also. Thus t h e  reason 

a s t a t e  does  n o t  have d i f f i c u l t y  i n  obtaining t h e  required 

asphalt  concrete density levels  on a weak foundation may be due 

ent i rely t o  t h e  level  of density specified ra ther  than t o  a rea l  

l a c k  of t h e  problem. A s t a t e  whose d e n s i t y  specifications 

require  attainment of 949 of laboratory density (approximately 

9.8 percent a i r  voids) w i l l  have l e s s  density problems than a 

s t a t e  which requires  compaction t o  a leve l  of 93 percent of t h e  

maximum theore t ica l  density (7 percent a i r  voids). Thus it is 

d i f f i c u l t ,  i f  n o t  impossible, t o  t r u l y  compare t h e  degree of 

density problems related t o  sublayer support from one s t a t e  t o  

another. 



BEASUREMENT OF DENSITY 

Density Standards 

Three d i f f e r e n t  s t andards  a r e  in current  use by various 

s t a t e  highway depar tments  a s  a r e f e r e n c e  t o  determine t h e  

acceptabil i ty of t h e  l eve l  of compaction of an asphalt  concrete 

mixture. The f i r s t  standard is t h e  theoret ical  maximum specific 

g r a v i t y  (dens i ty )  of t h e  mix, The second is t h e  laboratory 

compacted density of t h e  material and t h e  t h i r d  is t h e  density 

obtained during t h e  compaction of a f ie ld t e s t  s t r ip .  

Maximum Theoretical Density. The standard which provides an 

ind ica t ion  of t h e  a i r  void con ten t  i n  a compacted aspha l t  

c o n c r e t e  mix d i r e c t l y  ie t h e  t h e o r e t i c a l  maximum s p e c i f i c  

gravity. This value can be determined i n  two ways. F i r s t ,  t h e  

maximum s p e c i f i c  gravi ty can be calculated from t h e  specif ic  

gravi ty can be calculated from t h e  specific gravi ty values of 

t h e  various components of t h e  mix (6). For t h i s  determination, 

t h e  effect ive gravi t ies  of each of t h e  aggregate fract ions must 

be known. The specif ic  gravi ty of t h e  asphalt  cement must a lso 

b e  measured. I n  addi t ion ,  t h e  amount (weight) of each m i x  

component must be known. The accuracy of t h e  values calculated 

f o r  t h e  theore t ica l  maximum specif ic  gravity,  however, depends 

d i rec t ly  on the accuracy of t h e  specif ic  gravi ty measurements 

f o r  each of the compor:l~cs. A small e r r o r  in the calculation o r  

measurement of t h e  ind iv idua l  values can make a s ignif icant  



change in  t h e  maximum specific gravi ty determined f o r  t h e  mix. 

The theore t ica l  maximum specif ic  gravity of t h e  mix can be 

measured d i rec t ly  using a sample of t h e  actual asphalt  concrete 

mixture. The method used is known a s  t h e  Rice procedure and is 

found in  ASTM specification D 2041  (35). A vacuum is used t o  

extract all  t h e  a i r  from t h e  mix and then t h e  specif ic  gravi ty 

of t h e  voidless m i x  is determined. To improve t h e  accuracy of 

t h e  measurements, a t  l eas t  th ree  repl icate  samples should be r u n  

a t  each s e l e c t e d  a s p h a l t  content. I t  is important, fur ther ,  

t h a t  t h e  specif ic  gravi ty values be reported t o  a t  l eas t  t h r e e  

decimal places t o  provide f o r  a more precise determination of 

t h e  voidless mix density value. 

Laboratorv Densitv. The second means of density comparison 

is with a laboratory compacted sample of asphalt  concrete m i x .  

I n  t h i s  procedure, t h e  mix t o  be used on t h e  paving project  is 

placed i n  a mold and compacted. Several d i f ferent  types  of 

compaction equipment can be employed: (a) t h e  Marshall hammer, 

(b) kneading compactor, (c) gyratory compactor, (d) double punch 

method, or  (e) v i b r a t o r y  force .  Each of t h e s e  dev ices  is 

capable  of e x e r t i n g  d i f fe ren t  compaction e f f o r t s  on t h e  mix. 

Thus it is easi ly  possible t o  obtain significantly d i f ferent  

density values on samples of t h e  same mixture when d i f ferent  

compaction equipment and compactive e f fo r t s  have been used t o  

prepare t h e  specimens. I n  addition, t h e  a i r  void content i n  t h e  

specimens w i l l  vary somewhat even when mconstantn compaction 



conditions a r e  employed. 

The a i r  void contents of t h e  laboratory compacted samples 

can not be determined directly.  The bulk specif ic  gravity of 

t h e  specimens must be measured and t h e  a i r  void con ten t s  

calculated. Typically most s t a t e  highway departments des i re  t h e  

laboratory compacted samples t o  have an a i r  void contents in t h e  

range of 3 t o  5 percent, by weight of mix. The leve l  of density 

required in  t h e  f ie ld  f o r  t h e  compacted asphalt  concrete mix is 

usually s e t  a s  a percentage of t h e  laboratory compacted density, 

generally in  t h e  range of 92 t o  97 percent of t h e  lab  density. 

A considerable variation can exis t  i n  t h e  a i r  void content 

of t h e  mixture compacted t o  a percent of lab density. If t h e  

required f ie ld density level is 95 percent of lab density and 

t h e  lab specimen contains 3 percent a i r  voids (97 percent of t h e  

voidless mix density), t h e  f ie ld sample w i l l  contain about 7.8 

percent a i r  voids. If t h e  lab specimen has 5 percent  a i r  voids, 

however, t h e  f i e l d  mix, compacted t o  a 9 5  percent  re la t ive  

density value, w i l l  contain about 9.7 percent a i r  voids. Thus, 

depending on t h e  actual amount of a i r  voids i n  t h e  laboratory 

prepared  sample, t h e  level  of density ( a i r  void content) can 

v a r y  s i g n i f i c a n t l y .  This  is t r u e  even though a c o n s t a n t  

percentage  of l abora to ry  d e n s i t y  is r e q u i r e d  i n  t h e  f i e l d  

compact ion spec i f i ca t ion .  Using l a b o r a t o r y  d e n s i t y  a s  a 

standard does not direct ly  provide information on the actual  a i r  

void content of t h e  compacted mix. 



Field T e s t  Strix, Density. The t h i r d  densi ty  standard,  t h e  

f i e l d  c o n t r o l  s e c t i o n ,  is a l s o  a r e l a t i v e  one. It is t h e  

maximum densi ty  which can be obtained i n  an aspha l t  concrete mix 

on t h e  roadway u n d e r  a g i v e n  set of cond i t i ons .  For  a 

p a r t i c u l a r  a spha l t  concrete mixture, t h e  maximum dens i ty  t h a t  

can b e  a t ta ined  is a function of many var iables ,  such a s  mix 

t e m p e r a t u r e ,  l i f t  t h i c k n e s s ,  a i r  and base temperature, o the r  

e n v i r o n m e n t a l  cond i t i ons ,  t i m e  of i n i t i a l  r o l l i n g ,  t y p e  of 

compaction equipment,  compaction e f f o r t  applied, and ro l l ing  

p a t t e r n .  What might be t h e  maximum a t ta inab le  f i e ld  densi ty  

u n d e r  o n e  c o m b i n a t i o n  of v a r i a b l e s  might b e  c o n s i d e r a b l y  

d i f f e r en t  l eve l  of densi ty  under  another set of conditions. 

Given t h e  o p p o r t u n i t y ,  a c o n t r a c t o r  c a n  determine t o  a 

s ign i f ican t  degree  t h e  l eve l  of dens i ty  obtained in t h e  cont ro l  

s t r i p .  By using less compaction e f f o r t  and delaying roll ing,  

t h e  V a r g e t  dens i tyn  of t h e  f i e ld  test sect ion can be reduced. 

This  fn t u r n  makes it eas i e r  f o r  t h e  cont rac tor  t o  reach some 

set percentage of t h e  control  s t r i p  densi ty  when compacting t h e  

rest of t h e  mixture on t h e  project .  

The maximum a t t a i n a b l e  dens i ty  of a f i e l d  cont ro l  s t r i p ,  

under a given combination of compaction conditions, must r e s u l t  

i n  a mix which con ta ined  3 percent  o r  8 percen t  ac tua l  a i r  

voids. If t h e  compaction specif icat ions  f o r  a pro jec t  requi re  

t h a t  t h e  minilnun acceptable dens i ty  l eve l  was 96 percent  of t h e  

control  s t r i p ,  t h i s  might mean t h a t  t h e  compacted pavement could 



conta in  from 6.8 t o  11.7 percent a i r  voids, depending on t h e  

amount of actual a i r  voids in  t h e  control s t r i p  (3 and 8 percent 

in  t h i s  example). Thus, t h e  f ie ld control s t r i p  method suf fers  

from t h e  f a c t  t h a t  t h e  t r u e  a i r  void level  in  t h e  mix is not 

real ly  controlled. 

p e r c e n t  Refusal Density. The Department of Transport in 

England has conducted some research on a new method t o  determine 

t h e  t a r g e t  d e n s i t y  value, called t h e  percent refusal  density 

t e s t  (36). I n  t h i s  procedure, t h e  bulk density of a paraffin 

coated core sample taken from t h e  compacted asphalt  concrete mix 

from t h e  roadway is calculated. The wax coating is then removed 

and the sample is heated. A vibratory hammer is next employed 

t o  compact  t h e  specimen a s  completely a s  p o s s i b l e  -- t o  

r e fusa l .  The bulk  d e n s i t y  of t h e  modified sample is then 

determined, without t h e  paraffin coating. The percent refusal 

density is then defined a s  t h e  r a t io  of t h e  bulk density of t h e  

sample a s  compacted by t h e  ro l le rs  t o  its refusa l  density. 

This means of measuring density has  not been used t o  da te  in 

t h e  United States. It does provide a means of se t t ing  a t a r g e t  

density value a s  well a s  a way t o  measure t h e  density of t h e  m i x  

a s  obtained by t h e  compaction equipment. The primary drawback 

t o  t h e  method is t h a t  t h e  amount of a i r  voids in t h e  refusal  

specimen is not known. It is doubtful t h a t  t h e  specimen can 

real ly  be compacted down t o  a zero a i r  void content. Thus t h e  

d e n s i t y  va lue  obta ined  is a re la t ive  value and no t  d i rec t ly  



re la ted t o  an ac tua l  a i r  void content. 

Surnmarv. Of t h e  t h r e e  most commonly used methods t o  set a 

s t a n d a r d  f o r  densi ty  measurement, it is recommended t h a t  t h e  

maximum t h e o r e t i c a l  s p e c i f i c  g r a v i t y  procedure ,  us ing ASTM 

specification D2041 be employed. This procedura allows t h e  a i r  

void content of t h e  asphal t  concrete mixture t o  be determined 

d i r e c t l y ,  without t h e  need f o r  intermediate calculation steps. 

T h e  air void content of t h e  asphalt  concrete mix is necessary t o  

determine t h e  durabi l i ty  of t h e  mix. The Rice s tandard allows a 

d i r e c t  comparison of t h e  compacted mix density t o  densi ty  of a 

voidless mix, t h e  exact  comparison required. 

The standard density of t h e  mix without a i r  voids is subject  

t o  minimal manipulation by t h e  t e s t i n g  agency and none by the 

contractor. With t h i s  procedure, t h e  actual  mix t o  be employed 

on t h e  project  can be  used t o  es tabl ish t h e  t a r g e t  value f o r  

compaction comparison purposes. The t a r g e t  value is constant. 

It is not subjected t o  a l te ra t ion  by changes i n  mix temperature, 

compac t ion  e q u i p m e n t ,  compactive e f f o r t ,  o r  environmental  

conditions a s  a r e  the laboratory densi ty  and f i e ld  t e s t  s t r i p  

density methods. The t a r g e t  value f o r  t h i s  method changes only 

i f  t h e r e  is a change i n  t h e  asphal t  concrete mixture i t se l f .  

Thus, f o r  more accurate  se t t i ng  of the target value f o r  pavement 

compac t ion ,  t h e  maximum t h e o r e t i c a l  d e n s i t y  p rocedure  is 

suggested. 



Densitv Measurement 

Two primary methods a r e  available t o  measure t h e  densi ty  of 

a compacted  a s p h a l t  c o n c r e t e  pavement .  One method is 

destructive.  It requires  t h a t  cores  o r  small s labs  be c u t  out 

of t h e  course surface. The second method is non-destructive. A 

nuclear gauge is used t o  determine a count r a t e  value f o r  each 

r e a d i n g .  T h i s  v a l u e  is r e a d i l y  conver t ed  i n t o  a d e n s i t y  

reading. 

Cores. The "old fashionedui method t o  determine t h e  density 

of a section of an  asphal t  concrete mat is t o  c u t  a core from 

t h e  mix. The uni t  weight of t h e  cores  can be determined using 

e i t h e r  ASTM standard Dl188 using paraff in  coated specimens o r  

ASTM standard D2726 using sa tura ted  surface-dry specimens (35). 

The a i r  void content of t h e  cores  can be calculated using ASTM 

D3203 (35). 

The debate continues a s  t o  the s i z e  of the  cores  t o  be cut. 

The v a s t  majority of t h e  s t a t e s  t h a t  use cores  c u t  ones t h a t  a r e  

4 inches i n  diameter. Several  e ta tes ,  however, f e e l  t h a t  t h i s  

s m a l l  a d i a m e t e r  c o r e  c a u s e s  i n a c c u r a c i e s  i n  t h e  d e n s i t y  

measurement ,  p a r t i c u l a r l y  i f  t h e  pavement s u r f a c e  h a s  a 

re la t ively rough t e x t u r e  and t h e  cores  a r e  not paraf f in  coated. 

A t  l e a s t  two s t a t e s ,  therefore,  c u t  6 inch diameter cores  and 

one s t a t e  uses  small s l abs  o r  plugs which a r e  sawed from the 

pavement course. 



There is no doubt t h a t  density of a pavement core is subject 

t o  some variation. Two cores cu t  from adjacent points in  t h e  

same l o n g i t u d i n a l  l i n e  i n  t h e  pavement s u r f a c e  w i l l  vary  

somewhat in density. Some of t h e  difference is due t o  sampling 

and t e s t ing  and some is due t o  actual  differences in  t h e  density 

of t h e  m a t e r i a l .  T h i s  v a r i a t i o n ,  however, can b e  e a s i l y  

compensated f o r  by us ing  mul t ip le  samples and s t a t i s t i c a l  

specifications when calculating t h e  density of core samples. 

Nuclear Density. Nuclear density gauges a re  non-destructive 

tes t ing  devices. They measure density quickly and easily and 

make t h e  test r e s u l t s  available rapidly. The major problem with 

t h i s  type  of equipment is t h a t  t h e r e  is a lack of correlation 

between t h e  density values determined with t h e  nuclear gauges 

and t h e  pavement density measured by t h e  pavement cores. 

I n  an FHWA publication dated June 1967, it was pointed out 

t h a t  n.. .if the n u c l e a r  gauge is t o  be used t o  de termine  

absolute dens i t ies  comparable t o  those obtained by conventional 

methods, a s e p a r a t e  calibration must be established f o r  each 

different  mixR. (37) I n  t h e  intervening twenty years  not much 

h a s  changed. B u r a t i  and Elzoghbi presented  two extensive 

r e p o r t s  at t h e  Transportation Research Board Meeting i n  1986 

which discussed the correlation of nuclear density r e su l t s  with 

c o r e  d e n s i t i e s ,  b o t h  f o r  t h e  m a i n l i n e  pavement  and f o r  

longitudinal joints  (38,39). It was determined t h a t  there were 

s igni f icant  differences in  t h e  r e s u l t s  obtained from di f ferent  



nuclear  devices, both i n  t h e  mean densi ty  values  and with t h e  

amount of var ia t ion  about t h e  mean. 

Another Burat i  s tudy  showed t h a t  t h e  nuclear gauges gave 

s i g n i f i c a n t l y  l ower  d e n s i t y  v a l u e s  f o r  t h e  aspha l t  concrete 

mixes t e s t e d  compared t o  t h e  core  densi t ies .  I n  addition, t h e  

r e l a t i o n s h i p  batween t h e  core  and nuclear values varied from 

pro jec t  t o  project .  The r epo r t  s t a t ed  t h a t  "...the f indings  of 

t h i s  r e s e a r c h  d o  n o t  support  t h e  use  of nuclear gauges f o r  

a c c e p t a n c e  decis ions .  The use  of nuclear gauges i n  l i eu  of 

coring, b u t  with the same acceptance l i m i t s  t h a t  were developed 

based on core  r e su l t s ,  is not  appropriate1@ (40). 

From t h e  r e s u l t s  of t h e  telephone survey of t h e  2 5  s t a t e  

highway departments, it was found t h a t  a number of s t a t e s  use  

nuclear  gauges f o r  t h e  acceptance of asphal t  concrete  pavement 

density. Some of t h e s e  states u s e  t h e  devices t o  determine the 

r e l a t i v e  densi ty  of t h e  pavement l aye r s  compared t o  a density 

control  s t r i p .  Since densi ty  is not  measured d i r ec t ly  in e i t h e r  

case, t h e  lack of cor re la t ion  is not  of concern. The f a c t  t h a t  

t h e  dens i ty  "passesw, however, should not  be  taken t o  mean t h e  

pavement l aye r  h a s  a low a i r  void content. The nuclear  gauges 

merely p r o v i d e  an  i n d i c a t i o n  t h a t  t h e  pavement material  is 

re la t ive ly  as dense a s  t h e  cont ro l  s t r i p  material. 

Some states attempt t o  co r r e l a t e  t h e  nuclear gauge readings 

with cores. A f i e ld  control  s t r i p  is constructed. Cores a r e  



c u t  from t h e  test section. Nuclear readings a re  taken from 

adjacent locations. A correlation is developed from t h e  data 

ga the red  between t h e  nuclear  values and t h e  core densities. 

This correlation is then used throughout t h e  r e s t  of t h e  job t o  

estimate t h e  density of t h e  pavement course. On a s t a t i s t i c a l  

basis, however, t h e  correlation value calculated is usually not 

valid because not enough core samples o r  nuclear readings have 

b e e n  t a k e n  f o r  p r o p e r  deve lopment  of t h e  c o r r e l a t i o n  

coefficient. 

Surnmarv. The l i t e r a t u r e  on t h e  use of nuclear density 

gauges suggested strongly t h a t  these  devices can and should be 

used t o  measure density only on a re la t ive  basis. The equipment 

should n o t  be employed t o  attempt t o  determine t h e  absolute 

dens i ty  of t h e  a s p h a l t  c o n c r e t e  mater ial .  The relationship 

between t h e  nuclear density reading and t h e  core density value 

depends on t h e  type  of gauge being used, t h e  mix being tested,  

and t h e  number of samples in t h e  correlation. 

Density and Sublaver S U D D O ~  

In  terms of t h e  relationship between sublayer support  and 

pavement dens i ty ,  t h e  most s t r ingent  density apecif ication is 

t h e  one which would combine the use  of maximum theoret ical  

density as t h e  standard and t h e  use of cores t o  measure density 

(depending, of course, on t h e  actual  level  of density required 

by t h e  spec i f i ca t ion) .  The standard is not  affected by t h e  



f i e ld  condit ions in  any manner, only by t h e  cha rac t e r i s t i c s  of 

t h a  mix i t s e l f .  The dens i ty  of t h e  cores  a r e  sub jec t  t o  t h e  

r e s i l i e n c y  of t h e  sublayer material  and t h e  compaction e f f o r t  

applied t o  t h e  m i x .  Further,  t h e  core  densi ty  can be re la ted 

d i r e c t l y  t o  a i r  void content  of t h e  mix. 

The dens i ty  specificat ion which should theore t ica l ly  be  t h e  

I1most forgivingN i n  terms of a lack of sublayer  s t i f f n e s s  o r  

suppor t  is one which combines t h e  u se  of a f i e ld  cont ro l  &r ip  

and nuclear gauges t o  measure density.  I f  t h e  s t r e n g t h  of t h e  

sublayer  is uniformly poor throughout a project ,  t h i s  condition 

w i l l  b e  a f a c t o r  dur ing t h e  construction of t h e  dens i ty  test 

s t r i p .  T h e  w e a k ,  y i e l d i n g  s u b l a y e r  w i l l  r e d u c e  t h e  

c o n t r a c t o r ' s  chances ,  t o  some degree, t o  obtain a very  high 

l eve l  of dens i ty  i n  t h e  cont ro l  s t r i p .  What w i l l  b e  obtained, 

and measured with t h e  nuclear  gauges, is t h e  maximum density 

which  c a n  b e  a t t a i n e d  wi th  t h a t  g iven  s e t  of cond i t i ons ,  

equipment, and compaction procedures. If t h e  condit ion of t h e  

s u b l a y e r  remains approximately t h e  same a s  under the control  

s e c t i o n ,  t h e  r e l a t i v e  dens i ty  values  measured should a l so  be  

approximately t h e  same. Thus t h e  sublayer  support  f a c t o r  would 

c a n c e l  i tself o u t  and t h e  s p e c i f i c a t i o n  requi r ing  a ce r ta in  

percen t  of t h e  control  s t r i p  nuclear densi ty  reading would be  

readi ly  m e t .  

The problem of s u b l a y e r  support and  its effect on t h e  

a b i l i t y  t o  obta in  densi ty  t h u s  depends on severa l  factors .  It 



is affected by t h e  type  of standard used t o  es tab l i sh  t h e  t a r g e t  

density. It is determined by t h e  method used t o  measure t h e  

d e n s i t y  a t t a i n e d  -- n u c l e a r  gauge o r  cores .  It is a l s o  

dependent on t h e  degree o r  leve l  of density required -- t h e  

g r e a t e r  t h e  p e r c e n t a g e  o f  t h e  d e n s i t y  of a  v o i d l e s s  mix 

specified, t h e  more t h e  lack of a  s t i f f  sublayer w i l l  become a  

p r o b l e m  and  c o n t r i b u t e  t o  f a i l i n g  d e n s i t y  v a l u e s  f o r  t h e  

contractor. 



Thcre a r e  four  primary cater;zrios of variables which af fec t  

t h e  a b i l i t y  of a c o n t r a c t c r  t o  at-tedn t h e  required leve l  of 

dens i ty  on an asphalt  ccncret.e paving project. The f i r s t  is 

r e l a t e z  t o  t h e  c h a r . a z t ~ ; l s t i c : s  of t h e  mix being placed, 

includinq t h e  pir;;clrties of t h e  aggregate, t h e  asphalt  cement, 

and t h e  combination of materials in t h e  mix. The second is 

c o n c e r n e d  wi th  e n v i r o n m e n t a l  c o n d i t i o n s  d u r i n g  laydown, 

including a i r  temperature, base temperature, wind velocity, and 

cloud cover. The t h i r d  category consis ts  of conditions a t  t h e  

laydown s i te ,  including t h e  thickness :f thr, mat, t h e  maximum 

aggregate size, t h e  uniformity of t h e  layer  thickness,  and t h e  

degree of sublayer support. The fourth group, t h e  compaction 

equipment and procedures .  includes both t h e  type  of ro l l e r s  

employed on t h e  project and t h e  operation of t h a t  equipment. 

The l e v e l  of suppor t ,  o r  t h e  s t i f fness ,  of t h e  layer  olr 

which a new asphalt  concrete course is being placed is t h u s  only 

o n e  of many v a r i a b l e s  which a f f e c t  t h e  d e g r e e  of d e n s i t y  

obtained on a given job. The significance of t h i s  factor in 

contributing t o  a lack of compaction, o r  high void content, in  

an asphalt  concrete mixture appears relatively minor compared t o  

t h e  importance of some o r  t h e  other  variables. There is no 

d o u b t  t h a t  on some p r o j e c t s ,  t h e  weak cond i t ion  of t h e  

underlying layer  d i rec t ly  a f fec ts  t h e  density attained in t h e  

new a s p h a l t  concre te  l aye r .  I n  each case,  t h e  d e g r e e  of 



s u b l a y e r  suppor t  becomes an important fac tor  only when good 

engineering pract ice is ignored. 

I f  a subgrade  s o i l  is compacted a t  t h e  proper moisture 

content and leve l  of density, it w i l l  be s t i f f  enough t o  support 

t h e  weight of t h e  laydown and compaction equipment a s  w e l l  as 

provide a s t rong foundation f o r  t h e  asphalt  concrete mixture t o  

be compacted against. If t h e  subgrade so i l  is a wet clay o r  

s i l t y  clay, o r  i f  it is a cohesionless sand, it is good pract ice 

t o  s tab i l ize  t h e  s o i l  in  some manner in order t o  provide a high 

level  and more uniform degree of support  f o r  t h e  new asphal t  

concrete layer. The same is t r u e  when a granular  subbase o r  

base course layer  is incorporated in to  t h e  pavement s t r u c t u r e  

under the asphalt  concrete layers. I f  t h e  untreated aggregate 

materials a r e  properly placed and compacted, and if they contain 

t h e  required degree of in terna l  s tab i l i ty ,  t h e r e  generally is no 

problem in  at ta ining t h e  desired l eve l  of density i n  t h e  asphalt  

concrete placed on t h e  granular  subbase o r  base course. 

When a n  e x i s t i n g  a s p h a l t  c o n c r e t e  o r  Por t land  cement 

' concrete pavement is being overlaid, it is common prac t ice  t o  do 

t h e  necessary crack sealing and patching work t o  increase t h e  

s t ab i l i ty  and s t rength of t h e  pavement s t ruc tu re  in  the failed 

a r e a s .  T h e  o b j e c t i v e  of t h e  r e p a i r ,  r e h a b i l i t a t i o n ,  a:ld 

replacement e f fo r t  is t o  provide a uniform degree of sublayer 

support  far t h e  new overlay. If the corrective work is properly 

c a r r i e d  o u t ,  and  i f  t h e  o t h e r  compact ion c ~ n d i t ~ o n s  a r e  



favorable, adequate density can be obtained on t h e  overlaying 

asphalt  concrete layer. 

I n  g e n e r a l ,  t h e  d e g r e e  of s u b l a y e r  s u p p o r t  is n o t  a 

s ignif icant  factor  i n  t h e  attainment of density in  an asphalt  

concrete mixture. This is shown by t h e  review of l i t e r a t u r e  

which reveals an almost t o t a l  lack of discussion of t h e  subject 

of sublayer support. Only a dozen of t h e  more than one hundred 

t e c h n i c a l  r e p o r t s  and a r t i c l e s  which were reviewed f o r  t h i s  

s t u d y  even mentioned t h i s  va r i ab le .  When t h e  s u b j e c t  is 

mentioned, it is done i n  very br ief  fashion -- usually no more 

than a sentence o r  two, or  perhaps a paragraph o r  two in some 

papers ,  out of a very long repor t  on t h e  density of asphalt  

concrete mixtures. Further, no defini t ive data is presented in 

t h e  l i te ra ture .  Several authors allude t o  t h e  need f o r  a solid 

foundation in order  f o r  t h e  compaction equipment t o  properly 

densify t h e  new asphalt  concrete layer. None of t h e  writers,  

however, provide any nhard numberstt o r  suggest any means t o  

measure t h e  degree of sublayer support necessary f o r  adequate 

compaction. No specification recommendations f o r  t h e  required 

l e v e l  of sublayer support  a re  found in any of t h e  technical 

papers reviewed. 

When t h e r e  is a problem identified with asphalt  concrete 

mixtures  o r  pavement s t r u c t u r e s ,  such a s  f a t i g u e  cracking, 

m o i s t u r e  damage, o r  permanent deformation, f o r  example, a 

reviewer can find a multitude of repor ts  Gascrfbing causes and 



solutions f o r  each par t icu lar  problem. In  terms of compaction, 

many a r t i c l e s  have been written on t h e  importance of obtaining 

an adequate level of density. None of these  s tudies  has focused 

on t h e  ef fec t  of sublayer support on t h e  attainment of density. 

Thus it can be  concluded, by inference, t h a t  sublayer support 

must not be a major problem, o r  even a minor one, o r  much more 

d e f i n i t i v e  information would b e  a v a i l a b l e  i n  t h e  t e c h n i c a l  

l i te ra ture .  

From t h e  data  gathered from t h e  survey of t h e  s t a t e  highway 

depar tments ,  it can be concluded t h a t  most of t h e  engineers 

contac ted  be l i eve  t h a t  a contractor can a t ta in  t h e  specified 

l e v e l  of dens i ty ,  even on a weak foundation, if  t h e  proper 

e f f o r t  is made. Many individuals commented t h a t  t h e  average 

contractor usually t r i e s  t o  obtain a reduction in t h e  density 

requirement, o r  a waiver of t h e  specification, whenever t h e r e  is 

a problem in at ta ining density on a paving job. This is t r u e  

regardless of t h e  reason f o r  the  difficulty.  When t h e  lack of 

s u b l a y e r  suppor t  is c i t e d  a s  t h e  cause of t h e  problem, t h e  

contractor w i l l  attempt t o  show t h a t  t h e  sublayer is yielding 

under h i s  equipment and t h a t  he is thus  unable t o  achieve t h e  

density required. 

If t h e  s t a t e  engineers do not agree t o  t h e  waiver request, 

however ,  t h e  c o n t r a c t o r  is t y p i c a l l y  a b l e  t o  achieve  t h e  

compaction leve l  needed. When faced with a penalty f o r  lack of 

density, t h e  consensus seems t o  be t h a t  t h e  paving contractor 



can obtain density,  even on a weak foundation. It is noted, 

however, t h a t  some s t a t e  highway departments r equ i r e  a lower 

l eve l  of dens i ty  on paving pro jec t s  on secondary roadways, which 

usual ly  have weaker ex is t ing  pavement s t ruc tu re s ,  t han  on jobs 

b u i l t  on i n t e r s t a t e  o r  primary highways. 

If dens i ty  problems do occur because of a lack of adequate 

sublayer  support ,  t h e  solution t o  t h e  d i f f i cu l ty  can typ ica l ly  

be found in a change i n  t h e  compaction operation. This might 

include using d i f f e r e n t  r o l l e r s  o r  us ing t h e  normal compaction 

equipment i n  a d i f f e r en t  o rder  o r  r o l l e r  pat tern .  It might a l so  

i n c l u d e  changing t h e  rol l ing process  -- r o l l e r  speed, rol l ing 

zone, number of r o l l e r  passes, v ibra tory  impact (amplitude and 

f requency) ,  and pneumatic t i re pressure.  Too often,  however, 

on ly  t h e  " s t a n d a r d  r o l l i n g  p a t t e r n M  is used  on a p r o j e c t ,  

regard less  of t h e  l e v e l  of suppor t  avai lable  from t h e  sublayer  

cou r se ,  I f  d e n s i t y  is not  a t ta ined,  it is general ly  because 

little, i f  any, at tempt w a s  made t o  a d j u s t  t h e  compactive e f f o r t  

t o  account f o r  t h e  d i f fe rence  i n  t h e  degree  of sub layer  support  

available. 

F o r  each  a s p h a l t  c o n c r e t e  mixture, each l a y e r  th ickness ,  

each combination of environmental conditions, each set of paving 

si te v a r i a b l e s ,  t h e r e  is a wide va r i e ty  of compaction e f f o r t  

t h a t  can be employed i n  o rde r  t o  achieve an adequate l e v e l  of 

d e n s i t y ,  even  on a weak founda t ion .  The cha l lenge  t o  t h e  

c o n t r a c t o r  is t o  d e t e r m i n e  t h e  aoptimumw combinat ion of 



equipment variables and compaction operation variables in order 

t o  obta in  t h e  spec i f i ed  degree  of densi ty .  The compaction 

e f f o r t  which is sat isfactory on one project  may be inadequate on 

t h e  next job. The number of ro l le r  passes needed yesterday may 

not be enough tomorrow. Too often, both t h e  contractor and t h e  

s t a t e  personnel expect one preselected combination of compaction 

equipment and compaction process t o  be applicable t o  a l l  jobs 

under a l l  conditions. It is more reasonable t o  assume t h a t  t h e  

compaction e f fo r t  applied t o  t h e  mix w i l l  need t o  be changed as 

f ie ld  conditions vary. 

I t  is concluded, t h e r e f o r e ,  t h a t  t h e  l e v e l  of s u b l a y e r  

s u p p o r t  on a g iven  p r o j e c t  p lays  only a minor role  i n  t h e  

abi l i ty  of a contractor t o  a t ta in  density in t h e  newly placed 

a s p h a l t  c o n c r e t e  l a y e r .  With p r o p e r  modification of h i s  

compaction equipment and h i s  roll ing techniques, it is believed 

t h a t  t h e  paving contractor can achieve adequate density even on 

a relat ively weak sublayer course. 



The conclusion which can be reached from t h e  l i t e ra tu re  

review and from t h e  conversations with t h e  various s t a t e  highway 

engineers is t h a t  the re  is a problem with attaining an adequate 

level  of density when t h e  s t i f fness  of t h e  sublayer is low, but  

t h a t  t h e  problem is relatively minor. The prevalence of t h e  

problem depends on whether t h e  s t a t e  controls density by method 

t y p e  s p e c i f i c a t i o n s  o r  qual i ty  assurance type specifications. 

There =re n o t  -----L-L1 , . = p u ~ ~ a u r e  dir'r'icuities when method specs a re  

used. The magnitude of t h e  problem under quality assurance 

specs  is dependent  on t h e  degree  of diff icul ty  in  normally 

attaining an adequate leve l  of density -- how tough t h e  spec is 

and how r igidly it is enforced. 

The l i t e r a t u r e  has  some references t o  t h e  ef fec t  of sublayer 

support  on t h e  abi l i ty  t o  a t ta in  density in  an asphalt  concrete 

layer. Only two of these  references, however, contain hard data 

on t h e  t r u e  extent  of t h e  problem. Everyone seems to believe 

t h a t  a firm foundation is needed t o  compact against, b u t  no one 

has f e l t  strongly enough t o  quantify t h e  situation. Even t h e  

d a t a  i n  t h e  New York S t a t e  DOT r e p o r t s  (13,14) is suspect 

because d e f l e c t i o n  measurements were no t  t a k e n  be fo re  t h e  

over l ays  were placed and t h u s  no comparison can be  made. 

Further, t h i s  highway department never followed up its original 

research work on the importance of sublayer support even though 

it l a t e r  published a number of technical papers on t h e  subject 



of compaction of asphal t  concrete. 

Problems r e l a t e d  t o  sublayer support  do ex i s t  in paving 

projects .  Most of those d i f f icu l t ies  seem t o  Rava assignable 

causes, however. In  t h e  majority of t h e  cases, t h e  solution t o  

t h e  problem is provided a t  t h e  project  or  district level. The 

solution usually involves working with t h e  contractor t o  t r y  t o  

increase t h e  density leve l  over t h e  so f t  base. I f  an adequate 

degree  of compaction is not attained, a decision is typically 

made t o  e i the r  relax o r  waive t h e  density specification. The 

exact response depends on t h e  magnitude of t h e  problem and t h e  

r e l a t i o n s h i p  between t h e  c o n t r a c t o r  and t h e  s t a t e  highway 

department. 

The number of f a c t o r s  which can af fec t  t h e  abi l i ty  of a 

cont rac tor  t o  a t t a in  density on a project  is great.  Most of 

those variables have a d ie t inc t  and d i rec t  e f fec t  on t h e  density 

leve l  achieved. From t h e  information gathered f o r  t h i s  report, 

it would appear  t h a t  t h e  ef fec t  of sublayer support on t h e  

attainment of density in an asphalt  concrete overlay is very, 

v e r y  small, and related only t o  cer tain expected cases vhere 

t h e r e  is  p r i o r  knowledge t h a t  a problem may ex i s t  with t h e  

s t i f fness  of the sublayer material. 

Data Review 

The Arizona Department of Transportation, a s  p a r t  of its 



pavement  management program,  c o l l e c t s  d a t a  on pavement 

deflections on a periodic basie. That deflection data  is taken 

on pavement surfaces of various ages, including new overlays and 

aged wearing courses. The deflection measurements a re  gathered 

on pavement s t ruc tures  which carry a grea t  var iety of t r a f f i c ,  

including urban and r u r a l  in t e r s t a t e  highways, four  and two lane 

primary roadways, and two lane r u r a l  pavements. These pavement 

aections a r e  made up of a number d i f ferent  materials and course 
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of s t i f fnesses  and load carrying abi l i ty .  

It is t h e r e f o r e  proposed t h a t  a review be  made of t h e  

deflection da ta  already on hand. This review should attempt t o  

accomplish a number of points. F i r s t ,  t h e  range of deflection 

v a l u e s  which t y p i c a l l y  e x i s t  on Arizona highways should be 

determined. Second, t h e  d e f l e c t i ~ n  values which indicate  a weak 

pavement s t r u c t u r e  should be calculated. These values w i l l  

obviously depend on t h e  materials in  t h e  existing roadway and 

t h e  l eve l  of t r a f f i c  being carried. Third, t h e  search should be 

focused on pavements with weak foundations (high deflection 

values) which have been resurfaced within a shor t  period of time 

a f t e r  t h e  deflection readings were collected. 

A f u r t h e r  review should be made of t h e  construction records 

f o r  t h e  placement of t h e  overlays on those projects  where t h e  

deflection da ta  indicated a lack of subhayer support  may exist.  

The construction records should be inspected t o  see  i f  t h e r e  is 



any information a s  t o  whether o r  not a densi ty  problem existed 

on t h e  resurfacing work. If t h e  records  do not indicate  any 

deficiency i n  t h e  densi ty  leve ls  obtained, b u t  i f  t h e  deflection 

da ta  shows a lack of sublayer s t i f fness ,  t h e  res ident  engineer 

f o r  t h e  p r o j e c t  should  be  contacted t o  determine if density 

problems rea l ly  did e x i s t  bu t  j u s t  didn ' t  g e t  in to  t h e  daily 

r e p o r t s .  I f  t h e  p r o j e c t  r e c o r d s  d o  i n d i c a t e  compaction 

problems, contact  should be made t o  t h e  appropriate engineering 

pe r sonne l  t o  a s c e r t a i n  t h e  c a u s e  o r  c a u s e s  of t h e  lack of 

compaction. Emphasis would obviously be  placed on learning 

whether o r  not t h e  sublayer support  condition was a f ac to r  in  

t h e  ab i l i t y  t o  obtain t h e  required densi ty  level. 

For projects  where deflection measurements were taken both 

b e f o r e  and a f t e r  an ove r l ay  was constructed,  t h e  deflection 

v a l u e s  can also be used t o  calculate  whether t h e  resurfacing 

l a y e r  was bene f i c i a l  in  reducing t h e  t o t a l  deflection of t h e  

o v e r l a i d  pavement s t r u c t u r e s .  I f  t h e  ove r l ay  reduced  t h e  

pavement deflections a s  expected, i n  proportion t o  t h e  thickness  

of t h e  courses placed, t h e  condition of t h e  exis t ing pavement 

(sublayer) can be assumed t o  have been adequate. I f ,  however, 

t h e  new r e s u r f a c i n g  d id  not materially change t h e  deflection 

measurements, then t h e  densi ty  records  f o r  t h e  overlay paving 

s h o u l d  b e  checked t o  see i f  any d i f f i c u l t i e s  occur red  i n  

obtaining densi ty  on t h e  overlay. The lack of decrease in  t h e  

d e f l e c t i o n  measurements a f t e r  construction of t h e  overlay may 

i n d i c a t e  a weak a s p h a l t  c o n c r e t e  l a y e r ,  wi th  t h e  l a c k  of 



s t rength  being due i n  pa r t  t o  a lack of density. 

Depending on t h e  form 02 t h e  construction records, t h e  data  

review might t ake  place in t h e  reverse order. The search could 

be in i t ia ted  f o r  paving project  where attainment of density was 

a problem. This could include jobs where a penalty was assessed 

due t o  low compaction o r  when t h e  project  reports  show t h a t  t h e  

d e n s i t y  s p e c i f i c a t i o n  was waived f o r  some reason.  This  

hformation could then be used t o  look up t h e  deflection values, 

if any, available f o r  t h e  same project  before t h e  roadway was 

resurf aced. 

The objective of t h i s  review of t h e  deflection da ta  and t h e  

construction records is t o  determine i f  any correlation ex i s t s  

be tween  p r o j e c t s  when t h e  d e f l e c t i o n  v a l u e s  w e r e  h igh ,  

indicating a lack o r  sublayer support fo r  t h e  new overlay, and 

d i f f i c u l t i e s  i n  a t t a i n i n g  d e n s i t y  i n  t h e  a s p h a l t  concre te  

overlay . This investigation and correlation, If it could be 

accompJ.ished, would establish t h e  extent  of t h e  densi ty  problem 

due t o  sublayer support i n  Arizona. 

Project Monitoring 

The Arizona DOT h a s  a number of r e s u r f a c i n g  con t rac t s  

scheduled f o r  paving i n  1987. The list of these  jobs should be 

reviewed t o  determine if any of t h e  projects  might be located on 

a site where t h e  existing pavement s t ruc tu re  may be weak. A 



check should be made of t h e  pavement management records t o  see 

i f  t h e  deflection test resu l t s  fo r  t h e  same job indicate a lack 

of sublayer support f o r  t h e  new overlay. It is expected t h a t  

severa l  jobs w i l l  be found where t h e r e  is an indication t h a t  

t h e r e  may be areas  of excessive deflection on p a r t  o r  a l l  of t h e  

project. 

The information from t h e  list of projects  and t h e  deflection 

data  should be compiled so t h a t  two candidate projects  can be 

selected f o r  monitoring during t h e  paving process. One of t h e  

projects  ideally will have a fa i r ly  uniform, bu t  weak, condition 

of sublayer support, over t h e  length of t h e  job. The second 

p r o j e c t  selected should have a variable condition of sublayer 

support, including azeas where t h e  existing pavement surface is 

s t i f f  and s tab le  and places where t h e  present  surface might be 

more yielding and weak. The purpose of t h e  choice of these  two 

p r o j e c t s  f o r  monitoring is t o  see  i f  t h e r e  is a correlation 

between de f l ec t ion  of t h e  p r e s e n t  pavement surface and t h e  

abi l i ty  of the contractor t o  a t ta in  t h e  required density level 

in t h e  new asphalt  concrete overlay. 

Once t h e  two  c a n d i d a t e  p r o j e c t s  h a v e  been  se lec ted ,  

d e f l e c t i o n  measurements should b e  conducted on each job t o  

d e l i n e a t e  t h e  s e c t i o n s  of d i f f e r i n g  d e g r e e s  of eublayer  

support. S t r ip  maps should be prepared pinpointing areas  where 

excessive deflections have been measured. I n  both cases, t h e  

deflection t e s t ing  should be accomplished well before t h e  paving 



commencea on t h e  project .  The r e s u l t s  of t h e  deflection t e s t s  

s h o u l d  n o t  b e  made a v a i l a b l e  t o  e i t h e r  t h e  s t a t e  p r o j e c t  

personnel  o r  t h e  contractor ' s  people. The def lect ion ana lys i s  

work shou ld  b e  done m f o r  r e s e a r c h  purpoeesn a s  f a r  a s  t h e  

pro jec t  s t a f f s  a r e  concerned. 

The cont rac tor  on each job should be allowed t o  proceed in  a 

normal fashion with h i s  laydown and compaction operation. He 

should not  b e  asked t o  a l t e r  h i s  regula r  paving rout ine  i n  any 

way. I n  pa r t i cu l a r ,  no e x t r a  e f f o r t  should be  made t o  increase  

t h e  compaction e f f o r t  applied t o  t h e  mix in any location by t h e  

r o l l e r s .  Normal compaction compliance procedures should be  

c a r r i e d  ou t  by t h e  s t a t e  engineer. There should not  be any 

indication t o  e i t h e r  t h e  state inspector  o r  t h e  paving crew t h a t  

t h e  job is spec i a l  o r  t o  be  t r ea t ed  d i f f e r en t ly  t han  any o ther  

p r o j e c t .  Ca re  must b e  t a k e n  t o  a s su re  t h a t  t h e  compaction 

operations a r e  routine. 

When t h e  pav ing  has been completed, a set of def lect ion 

measurements should be  run on t h e  same locat ions  a s  f o r  t h e  

p r e c o n s t r u c t i o n  survey. A comparison should be  made of t h e  

d e f l e c t i o n  v a l u e s  t o  see i f  t h e  new o v e r l a y  h a s  uniformly 

increased t h e  s t r eng th  of t h e  pavement s t r u c t u r e  throughout t h e  

l e n g t h  of the job. Since one of t h e  two candidate p ro jec t s  

should have been more uniform in sub layer  support  t o  begin with, 

it w i l l  be  meaningful t o  review t h e  change in def lect ion values  

t h a t  occur a t  var ious  locat ions  on both jobs. The change in 



d e f l e c t i o n  measuremen t s  s h o u l d  b e  ana lyzed  t o  develop a 

cor re la t ion ,  i f  poesible, between t h e  i n i t i a l  deflection values 

and t h e  degree of deflection a f t e r  t h e  overlay. It would be 

d e s i r a b l e  to see how t h e  uniform t h i c k n e s s  (or supposedly, 

s t i f fness )  resurfacing l aye r  a l t e r s  t h e  s t rength  of t h e  pavement 

s t ruc ture .  

A s i g n i f i c a n t  number of c o r e s  should b e  c u t  from both 

p r o j e c t s  a f t e r  a l l  t h e  paving  is f i n i s h e d  i n  a r e a s  where 

d i f fe rences  i n  sublayer support  were indicated by t h e  i n i t i a l  

d e f l e c t i o n  readings .  The d e n s i t y  of each c o r e  should b e  

determined and t h e  comparable a i r  void content calculated based 

on t h e  maximum theore t ica l  density f o r  t h e  mix. Enough cores  

should be taken from each area t o  assure  a s t a t i s t i ca l ly  valid 

sample. The core da ta  and deflection data,  both before and 

a f t e r  overlay, should be plotted and analyzed t o  determine if 

any correla t ion e x i s t s  between t h e  values. 

For t h e  project  with re la t ively uniform, bu t  weak, exis t ing 

pavement s t ruc ture ,  emphasis should be  placed on investigating 

what change i n  density h a s  occurred in t h e  length of t h e  job. 

Even though t h e  sublayer condition might be weak, t h e  core  da ta  

may show areas  where adequate compaction l eve l s  were achieved 

and o t h e r  a reas  where the required densi ty  l eve l  is lacking. 

This information may then  show t h a t  it is possible  t o  obtain 

density even on an overlay on a weak foundation. Indeed, t h e  

var ia t ion in densi ty  values  obtained along a pro jec t  b u i l t  on a 



uniformly poor  sub layer  would i n d i c a t e  t h a t  o t h e r  f ac to r s ,  

bes ide  s u b l a y e r  suppor t ,  a r e  important  t o  t h e  con t rac to r ' s  

abi l i ty  t o  achieve density. 

For  t h e  p r o j e c t  with t h e  va ry ing  s u b l a y e r  condi t ions ,  

emphasis should be  placed on reviewing why some areas  with 

supposedly t h e  same i n i t i a l  deflection values have d i f ferent  a i r  

void c o n t e n t s  i n  t h e  a spha l t  concre te  overlay.  Indeed, it 

should be  determined whether other  var iables  beside sublayer 

support would cause t h e  contractor t o  obtain d i f ferent  density 

l e v e l s  on a r e a s  where t h e  deflection values would suggest a 

d i f ferent  answer. It should be ascertained whether or not a 

greater  degree of compaction was achieved on an area of weak 

support than a t  a location when t h e  sublayer was s t i f f e r .  

The f ina l  phase of t h e  monitoring study should be t o  review 

t h e  construction records fo r  t h e  two selected projects  t o  see 

whether a l l  t h e  d e n s i t y  t e s t s ,  taken by t h e  s t a t e  personnel 

during t h e  routine tes t ing  program f o r  compaction acceptance, 

passed. A correlation should be attempted between t h e  da ta  on 

t h e  compaction reports  and t h e  core and deflection da ta  gathered 

by t h e  research personnel. It would be desirable  t o  determine 

i f  t h e  normal tes t ing  procedures detected any differences in 

compaction levels  which a r e  comparable t o  what was measured by 

t h e  extensive coring study. Care must be taken during t h i s  

phase of t h e  monitoring p r o j e c t  n o t  t o  embarrass the s t a t e  

p e r s o n n e l  a s s i g n e d  t o  e a c h  p r o j e c t  by  make p u b l i c  any  



differences in  t h e  t e s t  resul ts .  

I t  must  b e  emphas ized  t h a t  t h e  two p r o j e c t s  p u s t  be 

constructed in a normal manner by both t h e  contractor and t h e  

s t a t e  engineers .  No attempt should be made t o  influence or 

control t h e  compaction procedure in  any manner. It would be 

bes t  i f  t h e  research personnel ware not even present on t h e  jobs 

d u r i n g  t h e  c o n s t r u c t i o n  operat ion.  The i n i t i a l  de f l ec t ion  

values should be obtained before t h e  paving s t a r t s .  The f ina l  

deflection values and cores should not be taken u n t i l  t h e  paving 

is completed ( b u t  b e f o r e  a s igni f icant  amount of t r a f f i c  is 

applied t o  t h e  new overlay). The project  construction recards 

should only be  gathered and reviewed when t h e  jobs have been 

f i n i s h e d .  No ind ica t ion  should be provided t o  cause  t h e  

c o n t r a c t o r  any concern t h a t  h i s  compaction operation w i l l  be 

inspected la te r .  

The purpose of t h e  monitoring study is t o  see  how t h e  amount 

of s u b l a y e r  support a f fec ts  t h e  contractors ab i l i ty  t o  at ta in 

t h e  required density levels. When a contractor knows t h a t  h i s  

roll ing operation w i l l  be  subjected t o  special  scrutiny, he w i l l  

t y p i c a l l y  made an a t tempt  t o  increase t h e  compaction e f fo r t  

applied t o  t h e  m i x .  While t h i s  is beneficial t o  t h e  ultimate 

durabi l i ty  of the pavement, it w i l l  defeat t h e  purpose of t h i s  

investigation. 



Test Section Construction 

The implementa t ion  of t h i s  t h i r d  phase of t h e  f u t u r e  

research work w i l l  depend on t h e  r e su l t s  of t h e  data  review and 

project  monitoring phases. If t h e  f i r s t  two s tudies  i l l u s t r a t e  

t h a t  t h e r e  is a s t rong  relationship between density and t h e  

level of sublayer support, a research prcject  should be s e t  up 

t o  formally invest igate  t h e  extent  of t h e  problem. 

A paving project  should be selected which has a t  l e a s t  t h r e e  

d i s t i n c t l y  d i f f e r e n t  levels  of deflection measurements on t h e  

existing pavement s t ructure.  The information f o r  t h e  choice of 

job should be f i r s t  obtained from t h e  pavement management data. 

T h i s  should b e  confirmed, however, by conduct ing d e t a i l e d  

deflection measurements on t h e  selected project  t o  assure t h a t  

s e v e r a l  d i f f e r e n t  l e v e l s  of s u b l a y e r  s u p p o r t  a r e  r e a l l y  

present. The paving site ultimately selected can be one where a 

resurfacing contract  has  already been awarded but  paving not ye t  

s tar ted,  o r  one when an overlay contract  w i l l  be l e t  in t h e  near 

fu tu re .  The f i n a l  choice w i l l  depend on t h e  logis t ics  and 

problems of writing an ext ra  work contract  f o r  t h e  job already 

underway verses  the need t o  write special  provisions f o r  t h e  job 

t o  be bid. 

The a r e a s  of d i f f e r e n t  s u h l a y e r  s u p p o r t  on t h e  project  

should be carefully delineated on t h e  roadway. For each of t h e  

t h r e e  s u b l a y e r  sec t ions ,  a t  l e a s t  two d i f ferent  overlay mfx 



t h i c k n e s s e s  should b e  placed fo r  t h e  i n i t i a l  course. It is 

recommended t h a t  one thickness  be in t h e  range of 1 t o  1-1/2 

inches and t h e  second thickness be between 2 and 2-1/2 inches. 

These suggested depths of t h e  mat, however, can be altered t o  

f i t  project  needs and conditions. I n  any case, a t  l eas t  two 

thicknesses of t h e  asphalt  concrete mat should be incorporated 

in to  t h e  job. 

For each layer  of sublayer support and each mat thickness, a 

minimum of two levels  of compaction ef for t  should be employed on 

t h e  asphalt  concrete mix. One level of e f f o r t  should be t h e  

normal  r o l l i n g  procedure.  The same compaction equipment, 

r o l l i n g  zone and p a t t e r n ,  and compaction e f f o r t  should be  

accomplished a s  for  regular  paving work. The second level  of 

applied force should be a s  much roll ing a s  can be accomplished 

without l'overrolling'l o r  breaking up t h e  pavement layer. This 

basically would be t h e  nmaximum91 compactive e f fo r t  attainable. 

The exac t  r o l l e r s  used, t h e  sequence of rolling, and roll ing 

pat tern would be picked based on what equipment t h e  contractor 

had available a t  t h e  laydown site. 

The proposed research project  outlined above should be a 

f u l l  f ac to r i a l  experiment. T h i s  means t h a t  t h e r e  would be a 

minimum of 1 2  test  sections constructed (3 leve ls  of sublayer 

suppor t ,  2 l e v e l s  of a s p h a l t  concre te  mix thickness,  and 2 

l e v e l s  of compactive e f f o r t ) .  Severa l  r e p l i c a t e  s e c t i o n s  

should also be  bu i l t  t o  make the resu l t s  s t a t i s t i ca l ly  valid. 



F o r  e a c h  t e s t  s e c t i o n ,  c o r e s  shou ld  b e  c u t  from t h e  

compacted pavement l a y e r s  and t h e  a i r  void content  of each 

sample determined. Nuclear densi ty  test readings should a l so  be  

conduc ted .  A c o r r e l a t i o n  shou ld  be  attempted between t h e  

nuclear dens i ty  values and those  measured by t h e  cores. The 

core  data ,  however, would be used t o  es tab l i sh  t h e  re la t ionship  

between t h e  degree  of sublayer  suppor t  and t h e  densi ty  l eve l  

a t ta ined by t h e  compaction operation. 



TABLE 1 

FACTORS AFFECTING COMPACTION 

Factor 

A. Material Propert ies  
1. Aggregate 

a. Angularity 
b. Surface Texture 
c. Shape 
d. Gradation 
e. Sand Type 
f. F i l l e r  Type 

2. Asphalt Cement 
a. Grade 
b. Temperature 

Suscept ibi l i ty  
c. Quant i ty  

3. Mix Properties 
a. Temperature 
b. Moisture Control 

B. Environmental Variables 
I. A i r  Temperature 
2. Base Temperature 
3. Wind Speed 
4. Cloud Cover 

S ta t e  Jo in t  Contractor 
Control Control Control 

C. Laydown S i t e  Conditions 
1. Mat Thickness X 
2. Maximum Aggregate 

S i z e  X 
3. Thickness Uniformity X 
4. Sublayer Support X 

Compaction Equipment 
1. Screed Density 
2. Type of Rollers 

a. S t a t i c  S tee l  Wheel 
b. Pneumatic T i r e  
c. Single  Drum 

Vibratory 
d. Double Drum 

Vibratory 
3. Vibratory Roller 

a. Amplitude 
b. Frequency 

4. Roller Speed 
5. Roller Pat tern 
6. Roller Zone 



TABLE 2 

STATE COMPACTION QUESTIONNAIRE 

1. What a r e  your s ta te ' s  current  requirements f o r  t h e  degree of 
compaction of a s p h a l t  conc re t e  mixtures? Method s p e c s  o r  
Quali ty Assurance (QA) specs? 

a. For surface course 
b. For leveling course 
c. For binder course 
d. For base course 

Please send a copy of t h e  present  density specification. 

2. How is t h e  l eve l  ~f density obtained measured? 
a. Not measured - method spec 
b. Nuclear gage - compared t o  what s tandard -- maximum 

theore t ica l  density; teat str ip ,  ccres 
c. Cores - compared t o  what standard -- l a b  density,  max 

theore t ica l  density 
d. How is t h e  correlation between t h e  measured density l eve l  

and an ac tua l  a i r  void content i n  t h e  mix obtained? 

3. For both new construction and overlays, how do  t h e  density 
mpecif icat ions  take i n t o  account t h e  condition (s t i f fness)  of 
the  u n d e r l y i n g  subgrade,  aggregate base, o r  exis t ing asphal t  
concrete layer? 

a. How do you measure t h e  s t i f fness  of t h e  underlying layer? 
b. How do you change t h e  density requirements t o  t ake  i n t o  

account dif ferences  in sublayer support  value? 

4. Have you had any major problems obtaining densi ty  in asphal t  
concrete layers? 

a. On new construction - subgrade or granular  base 
b. On resurfacing - 

(1) AC over granular  base 
(2) AC over exis t ing AC 
(3) AC over PCC 
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