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ABSTRACT 

- -  ---+ -- 
+Equipment Committe 
c t e d  its th ird  major 

of compact ion equipment for bituminous s t ab i l i zed  ba 
bas ic  objec t ive  of t h e  t es t  w a  evaluate  the  comp 
of two v ibra tory  r o l l e r s  and & % o l l &  as comp 
Department s standard compaction system (3-wheel breakdown with tandem 
f i n i s h  r o l l i n g ) .  
t h i ck  l i f t  paving methods. 

Comparisons were made u t i l i z i n g  both mul t ip le  and 

- . - --__. I . -  - ____  - -. ----- -- - -. 

The f ind ings  ind ica ted  t h a t  a l l  r o l l e r s  evaluated were 
capable of achieving acceptable  dens i f i ca t ion  l e v e l s  in t h e  s tone 
m i x ,  bituminous s t a b i l i z e d  base course csed in  t h e  t e s t  construc- 
t i o n .  In  mul t ip le  l i f t  cons t ruc t ion  the vibra tory  compactors were 
found t o  a t t a i n  e s s e n t i a l l y  t h e  sa,,e base dens i ty  as t h a t  produced 
by t h e  Department's standard system. However, t h e  v ib ra to ry  m-its 
requi red  approximately 25% more canpaction t i m e .  
construct ion t h e  Department's s tacdard was again found t o  be t h e  
optimum of the  r o l l e r  systems considered. 

In t h i c k  l i f t  

The vibra tory  r o l l e r s  were not observed, within t h e  mnge 
of appl ica t ions  evaluated,  t o  cause so-cal led de-compaction o r  
dens i ty  drop o f€  of the  base material. 

Pavement r i d i n g  q u a l i t y  was not  adversely a f f ec t ed  by 
e i t h e r  of t he  v ibra tory  compactors s tudied.  
measurable improvement in r i d i n g  q u a l i t y  was d i sce rn ib l e  when 
the  tandem r a t h e r  than t h e  3-wheel roller was used for breakdown 
compaction. Riding q u a l i t y  measurements f u r t h e r  suggest t h a t ,  
when a manually con t ro l l ed  paver i s  employed, t h e  r i d i n g  sur face  
on t h i c k  l i f t  base cons t ruc t ion  would be s i g n i f i c a n t l y  rougher 

In addi t ion ,  no 

than t h a t  for standard mul t ip le  l i f t  paving. - .  * -  .. I .  

- -- 

KEY WORDS: bituminous s t a b i l i z e d  base course;  v ibra tory ,  3- 
wheel and tandem r o l l e r s ;  multiple and th ick  l i f t  
paving methods ; dens i f ica t ion ;  r o l l e r  eff ic ienoy ; 
de-compaction ; pavement r id ing  qua l i ty .  
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STANHOPE STUDY 
OF 

COMPACTION METHODS 
FOR 

BITUMINOUS STABILIZED BASE 

BY 
R o b e r t  R. Santoro 

Kenneth C. Afferton 
& 

John A. Walz 

I. INTRODUCTION 

On September 30, 1970, t he  Equipment Committee of the  New 

Je rsey  Department of Transportation conducted i ts  t h i r d  major evalua- 

t i o n  tes t  of compaction equipment ' f o r  bituminous concrete.  

A t es t  sec t ion  cons i s t ing  of a 4 i n c h t h i c k n e s s  of plant-nixed 

bituminous s t a b i l i z e d  base course ( s tone  mix) was constructed a t  Stau- 

hope, New Jersey  on t h e  southbound lanes  of t he  Route 206 Connector 
_ _  

for  Inters ta te  Route 1-80, Section lM. 
_ _  -- - -_ _ _  - 

The bas i c  objec t ive  of t h e  test was t o  compare t h e  breakdown 

compaction c a p a b i l i t i e s  of two v ibra tory  r o l l e r s  and a tandem roller 

t o  t h a t  of a standard 3-wheel r o l l e r .  The c a p a b i l i t i e s  t o  be studied 

encompass t h e  important f a c t o r s  of dens i f ica t iou ,  compaction e f f i c i ency  

and pavement smoothness. Current Department s p e c i f i c a t  ions require 

t h a t  al l  breakdown compaction of bituminous paving materials be accom- 

pl ished with a 3-wheel roller having a t o t a l  metal weight of  not less 
_A_-. --- . .-- - - ---_ _ _ I  -- - 

than 10 tons ,  and having not less than 330 lbs per  inch of width on t h e  

rear wheels. .. 

.. 

, 



' The v ibra tory  r o l l e r  has  been successfu l ly  used i n  bituminous 

- pavement construct ion i n  Europe f o r  s e v e r a l  years .  However, in t h e  . -  

r 

. United S t a t e s  and p a r t i c u l a r l y  i n  New Je rsey ,  t h e  extension of v ibra-  

t o r y  conipaction from s o i l  aggregates  t o  bituminous paving materials 

'is sti l l  i n  its infancy. 
& 

The N e w  J e r sey  Department of Transpor ta t ion ' s  

first experimental  use of a v ibra tory  compactor on bituminous concre te  

was'h 1967, on a small po r t ion  of I n t e r s t a t e  Route 80,  Sect ion 3K. 

Unfortunately,  t h e  experiment proved inconclusive due t o  t h e  extremely 

va r i ab le  and uncontrol lable  ope ra t iona l  c h a r a c t e r i s t i c s  of t h e  roller. 

Tuo years  later,  t h e  Department also p a r t i c i p a t e d  i n  t h e  monitoring o f -  

an impressive demonstration of  a dual-drum vibra tory  r o l l e r  on bitumi- 

nous cons t ruc t ion  f o r  t he  N e w  J e r sey  Turnpike. The decis ion t o  conduct 

t h e  v ib ra to ry  rol ler  eva lua t ion  tests at Stanhope r e s u l t e d  p r imar i ly  

f ront  t h e  successfu l  na ture  of t h e  Turnpike demonstration. 

. ._ The two v ibra tory  r o l l e r s  used i n  t h i s  evaluat ion were suppl ied 

by Vibro Plus  Products, Inc.  and RayGo Inc.  The s p e c i f i c  models pro- 

vided were, r e spec t fu l ly ,  t h e  CA-25A* and Rus t le r  404. Both u n i t s  are 

self  propel led,  two-axle, s i n g l e  v ibra tory  drum compactors with rubber  

t ires on t h e  dr ive  axle. Both rollers have t h e  a b i l i t y  t o  change 

dynamic compactive force  by varying t h e i r  frequency of  v ib ra t ion .  

Vibro Plus u n i t  a l s o  has t h e  c a p a b i l i t y  of  operat ing a t  two d i f f e r e n t  

amplitude l e v e l s ;  only t h e  high amplitude mode of opera t ion  was employed 

in t h e  t es t  work. 

The 

The inclusion of tandem breakdown r o l l i n g  i n  t h e  Stanhope tes t  

was prcmpted by f ind ings  i n  the Committee's study of bituminous pave- 

ment r i d i n g  qua l i ty .  Inves t iga t ions  suggested t h a t  s eve ra l  states may 

"Note: Complete i d e n t i f i c a t i o n  of roller un i t  is CA-25A S/N 251, see - 
Appendix f o r  addi t ional  comments by roller manufacturer. 
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be achieving markedly b e t t e r  r i d ing  pavements than N e w  J e r sey ' s  through 

t h e  use of tandem r a t h z r  than 3-wheel rollers f o r  i n i t i a l  m a t  compac- 

t i on .  It w a s  expected t h a t  under t h e  cont ro l led  condi t ions of a tes t  

~ . .  - 
I 

. :section, t h e  bene f i c i a l  effects, i f  any, of tandem breakdown r o l l i n g  

on pavement smoothness could ba quant i f ied .  

The planning, construct ion , con t ro l  t e s t i n g  , and da ta  evalua- 
7 

t i o n  f o r  t he  Stanhope test sec t ion  w a s  shared by t h e  various member 

Divisions of the  Equipment Committee. 

v ibra tory  rollers was provided by representa t ives  of Vibro-Plus 

Products, Inc. and RayGo Inc.  

Guidance i n  t h e  use of the  

t 
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11. METl, 
. _  

Te compare t h e  breakdown compaction c a p a b i l i t i e s  of the  va r i -  

ous r o l l e r s ,  t h e  Stanhope Test Section was divided i n t o  e ight  ( 8 )  sep- 

In  subsect ions 1 t h r u  4, t h e  compactors were t o  be 'mate subsections.  

evaluated i n  conjunction with t h e  mul t ip le  lift mode of s t a i l i z e d  

base cons t ruc t ion  (4" base constructed in two, 2" t h i c k  lifts). The 

same rollers w e r e  then t o  be used with s i n g l e ,  o r  so ca l l ed ,  t h i c k  

l i f t  cons t ruc t ion  in subsect ions 5 t h r u  8 (4" base constructed in one, 

4" t h i c k  l i f t ) .  

mult iple  lift method be u t i l i z e d  i n  a l l  bituminous base paving. 

However, recent  successfu l  t r i a l s  of s ingle ,  t h i c k  l i f t  paving sug- 

Current Department s p e c i f i c a t i o n s  r equ i r e  t h a t  t h e  

ges t  t h a t  t h i s  may soan be an acceptable  a l t e r n a t e  on Department 

pro jec ts .  

. . .~ ---- - 

In order  t o  permit systematic comparison of t h e  d i f f e r e n t  

rollers, t h e  following compaction sequence was es tab l i shed  f o r  con- 

s t ruc t ion  of t h e  e igh t  subsect ions.  
/ 

Mult iple  L i f t  Construction (Subsections 1 t h r u  4) 

1 3-wheel breakdown - Tandem Fin ish  
- . - - - -- - . -- - 

2 Vibratory r o l l e r  breakdown (Vibro-Plus CA-25A) Tandem Finish 

( i f  needed) 

3 Vibratary roller breakdown (RayGo 404) Tandem Finish * 

(if needed ) 

4 TaaCun breakdown - Tandem Finish (if needed) 

Sing le  L i f t  Construction (Subsection 5 t h ! ~ ~  8) 

5 3-wheel breakdown - Tandem F i n i s h -  

6 Vibratory roller breakdown (Yibro-Plus CA-25A) - Tandem 

, Finish  (if needed) 



7 Vibratory r o l l e r  breakdown (RayGo 404) - Tandem Finish 

'(if needed) 

8 Tandem Breakdown - Tacdem Fin ish  ( i f  needed) 

The genera l  l ayout  developed f o r  t h e  t e s t  area as w e l l  as t h e  

construct ion requirements f o r  each subsect ion were as presented in 

Figure 1. Details on t h e  rol l ing procedure t o  be used by each com- 

pactor and a desc r ip t ion  of t h e  r e l a t i o n s h i p  between t h e  passes  and 

coverages of  these  u n i t s  is given i n  Exhibit  1 of t h e  Appendix. 

In each subsect ion,  t h e  prescr ibed  compaction sequence was 

such as t o  produce s t r i p s  o r  zones having d i f f e r e n t  numbers of roller 

coverages. 

of each compactor could best be determined by eva lua t ion  of t h e  cov- 

erage zones. 

It was expected t h a t  t h e  dens i ty  growth c h a r a c t e r i s t i c s  

Ir? subsect ions 1 and 5 ,  which were t o  represent  t h e  

Department's standard method of s t a b i l i z e d  base compaction, t h e  3- 

wheel rol ler  was t o  apply one breakdo& pass  t o  t h e  mat. 

overlaps (rear wheels) assoc ia ted  wi th  t h i s  pass  produced 2 and 3 

The r o l l e r  
- - - .  

coverage zones i n  subsect ion 1. The same rol l ing procedure r e s u l t e d  

in 2 and 4 coverage zones i n  subsect ion 5. 

ment of dens i ty  growth d a t a  f o r  t h e  v ib ra to ry  r o l l e r s  2, 3 and 5 cov- 

erage zones were t o  be provided i n  t h e  v ib ra to ry  subsect ions.  

manufacturers of t h e  v ib ra to ry  equipment es t imated t h a t  2 t o  3 cov- 

erages a t  t h e  frequencies they recoinmended would provide s u f f i c i e n t  

To fac i l i t a te  t h e  develop- 

# 

The 

i 

dens i f ica t ion  i n  subsec t ions  2 ,  3 ,  6 and 7 (See F igure  1). 

5 



FIGURE 1 

2 
. T ' S T A N D A R D  CA-2 5.4 

STANHOPE TEST SECTION . 
BITUMINOUS STABILIZED BASE COURSE, 4" THICK 

COMPACTION 
(1 PASS) 

52+00 1200' (4" PLACED I N  2 LIFTS) 64+00 
, 

Ekeq. = 1350 
Pass  = 243 

STANDARD 
COMPACTION 
(1 PASS) 

CA-25A 
Ebeq. = 1700 
Pass  = 2E3 

I 

1200' (4" PLACED I N  1 LIFT) 
4 c 

TANDEM 
d 
Freq. = 1300 = 3C4 
Pass = 2E3 

I 
TANDEM 

STANDARD CONSTRUCTION 
(PLACE 2 LIFTS, 2" THICK) 

THICK LIFT CONSTRUCTION 
(PLACE 1 LIFT. 4" THICK) 

SUaSECTION NO. 1 
1. 
2. F i n i s h  Roll ing - Tandem 

Breakdown Roll ing - 3 wheel 
SUBSECTION NO. 5 
1. Breakdown Rol l ing  - 3 wheel 
2. Finish  Rol l ing  - Tandem 

(passes  as necessary)  ( p a s s e s  as necessary)  
3. Evaluate  2 i 3 coverage zones 3. Evalua te  2 C 4 coverage zones 

SUBSECTION NO. 2 SUBSECTION NO. 6 
1. Breakdown Rol l ing  - V i b .  CA-25A 1. Breakdown Rol l inn  - Vib. CA-25A 

I 

___--- - 2. Frequency =-135o-f50 V.P.M. - 2. Frequency = 1700 V.P.M. 
3. Finish  Roll ing if  Needed - . 3. Finish  Rol l inn  i f  Needed - 

Tandem (passes as necessary)  
4. Evaluate  2 ,  3E5 coverage zones 

SUBSECTION NO. 3 
1. Breakdown Rol l ing  - Vib. 404 
2. Frequency = 1300+50 V.P.M. 
3. F in ish  Roll ing i f  Needed - 

Tandem (passes  as n e c e s s a r y )  
4. Evaluate  2 ,  3E5 coverage zones 

SUBSECTION NO. 4 
1. Breakdown and Fin ish  Rol l ing  - 

i f  Needed - Tandem 
Evaluate  - 3,  466 coverage zones 
(If nuclear  d e n s i t i e s  are in-  
adequate ,  a d d i t i o n a l  passes w i l l  

2. 

' be made and recorded) .  

- 
Tadem ( p a s s e s  as necessary)  

4. Evalua te  2, 3E5 coverage zones 

SUBSECTION NO. 7 
1. Breakdown Rol l ing  - Vib. 404 
2. Frequency = 1500 V.P.M. 
3. Finish  Rol l ing  if Needed - 
4. Evalua te  2 ,  3C5 coverage zones 

Tandem ( p a s s e s  as necessary)  

I 

SUBSECTION N d .  8 
1. Breakdown and F i n i s h  Rol l ing  

if Needed - Tandem 
2. Evalua te  - 3, 4&6 coverage zones 

(If n u c l e a r  d e n s i t i e s  are i n -  
adequate ,  a d d i t i o n a l  passes  w i l l  
be made and r e c o r d e d ) .  



I 
I 

In  subsect ions 4 and 8, which were ' to receive tandem breakdown 

r o l l i n g ,  only a t e n t a t i v e  compaction sequence was e s t ab l i shed  t o  produce 

3, 4 and 6 coverage zones. 

used in t h e  breakdown pos i t i on  necess i ta ted  t h a t  t h e  Equipment Committee 

T h e  lack  of experience with tandem r o l l e r s  

g ive  construct ion con t ro l  personnel t h e  opt ion of increasing roller cov- 

erages if the  planned compaction proved inadequate. Nuclear densi ty  measure- 

8 

ments (two loca t ions)  were t o  be taken i n  the  tandem breakdown subsections i m -  

mediately after completion of compaction t o  determine t h e  l e v e l  of den- 

s i f i c a t i o n  achieved. Addit ional  coverage(s) of e i t h e r  t h e  tandem o r  - 
%wheel roller w e r e  t o  be appl ied i f  t h e  nuclear  measurements suggested 

c .  

air voids l e v e l s  above t h a t  permitted in t h e  Department's standard 

spec i f ica t ions .  

Tandem f i n i s h  r o l l i n g  was t o  be used on any subsection where 

t h e  mzt surface was i r r e g u l a r  folloiJing completion of breakdown r o l l i n g .  

It was expected t h a t  tandem f i n i s h  r o l l i n g  would not  be necessary in 

t h e  tandem breakdown subsect ions and, also, possibly not  needed i n  the  

v ibra tory  subsect ions.  .- 

The bituminous s t a b i l i z e d  base used in construct ion of t h e  t es t  

sec t ion  was in accordance with t h e  design and con t ro l  requirements of 

Mix No. 1 of the  1968 Addenda A Revisions t o  t h e  Department's standard 
. 

spec i f ica t ions .  

are presented i n  Exhibi t  2 of t h e  Appendix. 

The s p e c i f i c  design c h a r a c t e r i s t i c s  of t h i s  material 

The e n t i r e  test sec t ion  w a s  constructed over a 6 inch l a y e r  

of dry-bound macadam base underlaid by 14 inches of granular  subbase. 

Department personnel monitored t h e  material producticn a t  t h e  

a shpa l t  p l an t  and the  o v e r a l l  construct ion of t h e  test area. 

7 



IIL PLANT INSPECTION 

1 
, I  The da ta  recorded by t h e  Department's materials inspec t ion  

forces at t h e  mixing p l an t  is  provided in Exhib i t s  2 and 3 of the  
> 

Appendix. 

Exhibi t  2 conta ins  t h e  average r e s u l t s  of two sets (6 pllugs) 

of Marshall specimens molded at t h e  p l an t  on t h e  day of t h e  test 

pavement construct ion.  
_ _ _ ~  - 

Exhibi t  3 contains  t h e  r e s u l t s  of four composition t e s t s  

performed a t  t h e  p l a n t  and t h e  range (A.M. and P.M.) of p l an t  

temperature measurements taken f r o m  t rucks  on t h e  day of t h e  t es t  

pavement construct ion.  Composition ana lys i s  of two 8 inch diameter 

pavement cores ,  one from t h e  mul t ip le  lift and one from t h e  t h i c k  

lift construct ion a r e  also shown i n  Exhibi t  3. 

A major objec t ive  of t h e  p l a n t  inspect ion w a s  t o  con t ro l  

t h e  uniformity of material being suppl ied f o r  t h e  t es t  pavement. 

This was - -  necessary as a s i g n i f i c a n t  v a r i a b i l i t y  i n  material would 

prevent t he  making of v a l i d  s t a t i s t i ca l  comparisons both within 

and between subsections.  The composition ana lys i s  of Exhibit  3 

when compared t o  the  job mix formula (Exhibit 2) reveal  t h a t  the  mixture 

cont ro l  was most adequate. The bituminous s t a b i l i z e d  base w a s  i n  

good conformity t o  the job mix formula. 

8 



IVa CONSTRUCTION OBSERVATIONS 
- - ~ -  - - .. 

I 

as or ig inP l ly  planned, 1200 feet long and 24.5 feet  wide. Each of t h e  

The bituminous s t a b i l i z e d  base tes t  pavement was constructed 

e i g h t  subsect ions was 300 feet long and approximately 12 feet in-width. 

A 1 C 3 '  dead zone area was provided a t  the i n t e r f a c e  of each sub- 

sec t ion  t o  faci l i ta te  cons t ruc t ion  equipment movements. The dead zone 

areas were not  included i n  t h e  r o l l e r  evaluat ion.  

Paving opera t ions  began by placing t h e  bottom Lift i n  sub- . __ 

sec t ions  1 t h r u  4 (Lane, R-11,  followed by t h e  s ing le  t h i c k  lift 

construct ion of subsect ions 5 t h r u  8 (Lane, R-2). Paving of t h e  test 

sec t ion  was then completed by placing t h e  t o p  lift i n  Subsec t ioss l  t h r u  

4 (Lane ,  R-1). 

In accordance with t h e  t e s t  p lan ,  each compactor involved i n  

t h e  s tudy was used t o  achieve compaction on two of t h e  subsect ions,  

(one mult iple .and one t h i c k  l i f t ) .  For f u r t h e r  d e t a i l s  r e f e r  t o  

Figure 1. 

Each compactor s t a r t e d  breakdown r o l l i n g  a t  t h e  low edge of 
- - - . -_ __ ___ _. - . 

t h e  &compacted m a t .  Lateral displacement at the  edge of mat w a s  not 

considered excessive during compaction,of e i t h e r  t h e  mul t ip le  o r  t h i ck  

l i f t  sec t ions .  

e i t h e r  of t h e  two v ibra tory  compactors. 

No i n i t i a l  o r  f i n a l  s t a t i c  passes  were appl ied by 

.- 

It should be noted t h a t  a l l  maneuvering ( la te ra l  s h i i ' t s )  by 

v ibra tory  r o l l e r s ,  required t o  complete t h e i r  breakdown compaction 

sequence was performed on previously compacted material (100' dead 

zone areas - stat ic  druin). This procedure was recommended by repre-  

s e n t a t i v e s  of t h e  v ib ra to ry  r o l l e r  equipment 

of marring o r  ruptur ing t h e  uncompacted m a t .  

t o  ave r t  any p o s s i b i l i t y  

Both t h e  tandem and 

9 



3-wheel rollers were capable of performing t h e  maneuvering necessary 

t o  complete t h e i r  breakdown compaction sequences, on e i t h e r  t h e  

compacted o r  uncompacted m a t ,  without de t r imenta l  effects. 

S l i g h t  r i d g e s  or depressions were observed i n  t h e  m a t  after 

t h e  first passage o f  t h e  v i b r a t o r y  and tandem r o l l e r s ,  which were 

similar i n  na ture  t o  those  made by t h e  3-wheel r o l l e r .  

t h e s e  r i d g e s  or depressions were s u f f i c i e n t l y  e l iminated during t h e  

remainder of  t h e  compaction sequence, such t h a t ;  tandem f i n i s h  r o l l i n g  

was not requi red  on any of  t h e  subsect ions where v i b r a t o r y  o r  tandem 

breakdown compaction was performed. 

- 
However, 

The rubber t i res  of  t h e  v i b r a t o r y  rollers w e r e  not  pre-heated, 

although both u n i t s  u t i l i z e d  an a d d i t i v e  t o  prevent t i r e  pickup 

(build-up of f i n e s  from t h e  mix). 

noted on t h i s  p a r t i c u l a r  mix by e i t h e r  of t h e  v i b r a t o r y  r o l l e r s  

t e s t e d .  

No s i g n i f i c a n t  t i r e  pickup was 

The RayGo (404) w a s  observed t o  bounce off t h e  m a t  severe ly  

f o r  a s h o r t  time during t h e  compaction of Subsection 3 ( t o p  l i f t ) ,  

t h e  v i b r a t i n g  drum was then brought back under c a n t r o l  by t h e  

opera tor  (manufacturer 's  r e p r e s e n t a t i v e ) .  

was accomplished by increas ing  t h e  r o l l e r  speed. 

It appeared t h a t  t h i s  



. . _. . . . .  

Sane of t h e  f i e l d  problems encountered during t h e  test pave- 

i ment construct ion were delays due t o  paver adjustments, an  i n s u f f i -  
i 

c ien t  supply of material and a r a i n  shower a t  the  start of paving 

During most delays,  e i t h e r  t he  i fo r  the  top  l i f t  of Subsection 3. 

paver was held i n  areas where no densi ty  measurements were taken 

(dead zones) o r  no s i g n i f i c a n t  reduct ion i n  n a t  temperature occurred. 

It is considered t h a t  these  problems did not s i g n i f i c a n t l y  inf luence 

t h e  r e s u l t s  of t h e  t e s t .  
_- _ _  

Generally,  t he  cons t ruc t ion  of t h e  t es t  sec t ion  was i n  con- 

formance with the  planned procedures. Additional compactive effort - 

w a s  applied t o  Subsection 4 ,  second l i f t  (one pass with 3-wheel 

rol ler)  and Subsection 8,  t h i c k  l i f t  (two add i t iona l  passes  with t h e  

tandem r o l l e r ) ,  as a result of nuclear dens i ty  measurements taken in  

the  3 coverage zones a t  the  completion of t h e  prescr ibed r o l l i n g .  

The a i r  voids l e v e l  suggested by t h e  average of two nuclear densi ty  

measurements. in Subsect ion-4 were s u f f i c i e n t l y  high t o  ind ica te  

t h a t  t he  3-wheel r a t h e r  than t h e  tandem r o l l e r  be used t o  achieve 

the  necessary . dens i f i ca t ion .  . - - __ - __ 

In  addi t ion  t o  the  o v e r a l l  supervision of the  t e s t  p ro jec t ,  

s eve ra l  s p e c i f i c  phases of t he  t es t  construct ion were monitored and 

recorded by Department personnel , these  included: 
. 

( a )  Paver and ro l le r  times f o r  each subsection. 

(b) Periodic  checks of frequency of v ibra t ion  with reed 

type hand vibrorneters t o  e s t a b l i s h  v ibra tory  r o l l e r  

compliance with recamended frequency Levels. 

(c) Se t t i ng  of - .  pavers . . . vibra t ing  screed-dif f e ren t  i n t e n s i t y  

s e t t i n g s  for  each mode of construct ion (mult iple  and 

t h i c k  lifr?. * 
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I 

(d)  Temperature measurements recorded by thermocouples 

i n s t a l l e d  e i t h e r  underneath o r  approximately at  t h e  
' .  

'I mid-depth of m a t  (dead zone a reas )  and by probe 

thermometers. 

(el Documentation of a i r  temperature during the  day of 

t h e  tes t ,  which ranged from a low of 42OF in t h e  

morning t o  a high of 58OF in t h e  afternoon. 

A recopd of t h e  types ,  sizes and genera l  c h a r a c t e r i s t i c s  of 

t h e  equipment used t o  cons t ruc t  t h e  t es t  pavement w a s  a l s o  recorded. 

Pe r t inen t  construct ion equipment d e t a i l s  are contained i n  Exhibi t  4 

- 

of t h e  Appendix. 

. . 
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V. /PAVEMENT TESTS 

pavement tests consis ted pr imar i ly  of  random nuclear  d e n s i t i e s  

taken during and a f t e r  cons t ruc t ion ,  t h e  measurement of dens i ty  of 

4 inch cores  c u t  from t h e  pavement and t h e  measurement of pavement 

r id ing  qua l i ty .  

F ina l  t e s t  s ec t ion  dens i f i ca t ion  was i n i t i a l l y  t o  be evaluated on 

the bas i s  of  co res ,  which is t h e  Department's normal method of de te r -  

mining pavement dens i ty .  However, it was subsequently considered 

impractical  t o  c u t  t h e  number of co res  requi red  t o  amass s i g n i f i c a n t  

data. 

observations by means of nuclear  dens i ty  devices.  Nuclear dens i ty  

measurements were t o  be u t i l i z e d  i n  p red ic t ing  core  dens i ty  values  

through co r re l a t ion  equations.  

It  was therefore  decided t o  obta in  t h e  major i ty  of t h e  dens i ty  

The nuc lear  devices  were a l s o  t o  be 

employed i n  determining paver laydown d e n s i t i e s  i n  a l l  subsect ions 

and dens i ty  build-up during compaction i n  t h e  v ibra tory  and tandem 

subsections.  Density growth da ta  obtained i n  t h i s  l a t t e r  fashion was t o  

supplement t he  primary dens i ty  growth information ( f i n a l  coverage 

zone d e n s i t i e s ) .  

The dens i ty  d a t a  required f o r  a n a l y s i s  of t h e  tes t  sec t ion  

( t o t a l  of 22 coverage zones) was obtained at 154 random loca t ions  .. 

( 7  per  each coverage zone). A nuc lear  dens i ty  gauge 

was used t o  obta in  paver laydown d e n s i t i e s  a t  two 

of t h e s e  l oca t ions  i n  each subsection. 

subsect ions,  t h e  nuclear  device was f u r t h e r  used f o r  dens i ty  measurements 

In  t h e  v ibra tory  and tandem 
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between roller coverages (two loca t ions  monitored per subsection).  

Determinations of f i n a l  dens i ty  with t h e  nuclear gauge were made 

at a l l  154 random locat ions.  

equation f o r  core dens i ty ,  cores  were c u t  a t  2 of t h e  7 loca t ions  

i n  each coverage zone r e su l t i ng  i n  a t o t a l  of 44 cores. A t y p i c a l  

densi ty  measurement pa t t e rn  f o r  a subsection is shown i n  Figure 2. 

To permit development of a predic tor  

Since t h i s  was the  first ins tance  i n  which the  Department was 

t o  place primary r e l i ance  on nuclear devices  t o  obtain pavement 

densi ty  measurements, t h e r e  was s t rong concern as t o  the  p a r t i c u l a r  

method t o  follow i n  using a nuclear  gauge. 

evident which of the  cur ren t ly  used methods would provide the  best  

marriage between core dens i ty  co r re l a t ion  and s impl ic i ty  of use. 

For t h i s  reason, wherever 

was repeated t h r e e  t imes using a d i f f e r e n t  method each t i m e .  

measurement w a s  made with t h e  gaiige i n  t h e  backscatter, pos i t ihn ,  

f i r s t  without sur face  preparat ion,  then with surface preparat ion 

(standard 20-30 Ottowa sand) and, f i n a l l y ,  with t h e  air-gap method 

(including surface preparat ion) .  

It w a s  not i n i t i a l l y  

poss ib le ,  a nuclear  dens i ty  measurement 

A 

The 44 cores  taken from t h e  tes t  area were analyzed i n  t h e  

Department ' s cen tca l  laboratory t o  determine bulk and maximum s p e c i f i c  

g rav i t i e s .  

maximum s p e c i f i c  g r a v i t i e s  were determined by the  Department's 

solvent immersion tes t  method. 

Bulk s p e c i f i c  g r a v i t i e s  were obtained by AASHO Method T-166; 

14 



FIGURE 2 

TYPICAL DENSITY MEASUREMENT PATTERN FOR A S1 BSECTION 
\ -- ' ' I" , I  I %  . ,, c f '  

BEAD 

ZONE 

I I j (2 Coverage Zone) 
I DEAD 

ZONE 

I ( 3  Coverage Zone) I 

c-1 

/ :., 
> I '  

Legend: a= Random Test Locations t ?  o= 4" Diameter Core Locations 
. -  - . _.. 

A = Nuclear dens i ty  measurements - without surface preparation a t  paver laydown 
B = Nuclear d e s s i t y  measurements by a l l  th ree  methods taken after completion of compaction 
C = Nuclear dens i ty  measurements - with surface preparation and by the  air-gap method taken 

D = Nuclear dens i ty  measurements - w i t h  surface preparation taken between compaction coverages 
after completion of compaction. 



T t  w a s  s t a t e d  previously t h a t  one of the  important aims of 

the study was t o  evaluate  the  r id ing  qua l i ty  o r  pavement smoothness 

produced by each of the  compactors tes ted.  

the smoothness of each subsection w a s  measured u t i l i z i n g  two devices: 

a 10-foot r o l l i n g  s t ra ightedge  and a B.P.R. roughometer. The r o l l i n g  

s t ra ightedge ind ica tes  the  span length and magnitude of surface deviations 

i n  the range of 1/8" t o  1/2" i n  one eighth inch increments. 

roughometer, cons is t ing  of  a f i f t h  wheel towed over the  pavement surface 

a t  20 m.p.h., y i e lds  an output re fer red  t o  as t h e  roughness index (R.I . ) .  

The R.I. i s  equivalent t o  the  accumulated deviations i n  the pavement 

sur face ,  i n  inches p e r  m i l e .  A.high R.I. is  thus ind ica t ive  of a rough 

pavement surface.  

To accomplish t h i s  evaluation 

The B.P.R. 

Measurements w e r e  obtained by the  two devices i n  both wheel 

paths of each 300 f t ,  subsection (dead zones were excluded). Due t o  

the  shor t  lengths measured (200 f t . )  the  roughometer made three  repeat 

runs i n  each wheel path i n  an attempt t o  obtain the bes t  estimate of 

the  pavement smoothness o r  R.I. 
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V I .  D I S C U S S I O N  OF F I N D I N G S  
-. 

I 

A. Temperature Measurements 

! \  
The procedure es tab l i shed  f o r  t he  monitoring of pavamnt t e m -  

peratures required the  i n s t a l l a t i o n  of one thermocouple i n  each lift 

of each subsection. 

a potentiometer a t tached  t o  t h e  thermocouples. 

Temperature measurements were t o  be recorded by 

It was no t  o r i g i n a l l y  planned t o  take probe thermometer mea- 
_ _  

surements, except from t rucks .  However, during cons t ruc t ion ,  s e v e r a l  

problems developed with t h e  thermocouple equipment and t h e  i n s t a l l a t i o n  

. procedures employed, some of which were not  immediately recognizable.  

It was the re fo re  necessary t o  t ake  probe measurements, al though it 

was not  possible  t o  f u l l y  supplement t h e  voluminous number of tempera- 

ture observations planned for t he  thermocouples. 

A t  t h e  start of paving an attempt was made t o  i n s t a l l  therno- 

couples by placing them d i r e c t l y  on t h e  macadam base course ahead of 

t h e  paver. 

sheared by t h e  paver o r  t h e i r  sensing t i p s  were forced i n t o  contact  

with t h e  macadam base course. For these  reasons no r e l i a b l e  thermo- 

couple temperature measurements w e r e  obtained f o r  t h e  b o t t o m  coux?se 

of t h e  mult iple  l i f t  construct ion.  

This method proved inadequate as e i t h e r  thermocouples w w e  

- ~ _ _  

A l l  remaining thermocouples were i n s t a l l e d  by furrowing > 
channel i n t o  t h e  uncompacted mat, placing the  thermocouple into t h e  

channel and replacing t h e  previously removed material over t h e  

thermocouple. 

Based on the  thermocouple and probe 

c t he  laydown temperature for  a l l  subsections 

thermometer measurements 

ranged f r o m  27OoF t o  28OoF. 
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Far t h e  t h i c k  lift constructed subsections a l l  planned break- 

down cornpaction was accomplished within t h e  approximate temperature 

range of 245OF ( s t a r t )  t o  215OF ( f i n i s h ) .  It is est imated t h a t  t h e  

two add i t iona l  passes  found necessary i n  tandem subsect ion e i g h t  were 

completed above 180*F. 

I 

1 
i 

For t he  mul t ip le  l i f t  constructed subsections it was no t  pos- 

s i b l e  t o  determine t h e  exact temperature range during which breakdown 

compaction w a s  performed. As previously ind ica ted  no r e l i a b l e  thermo- 

~ couple temperature measurements were obtainable  f o r  t h e  bottom course 

of t h e  mul t ip le  lift cons t ruc t ion .  

t o p  course were also judged inadequate as laydown temperatures recorded 

Temperature measurements f o r  t h e  

by t h e  thermocouples w e r e  s i g n i f i c a n t l y  lower than probe measurements. 

It is bel ieved t h a t  ma te r i a l  dis turbance during i n s t a l l a t i o n  of thermo- 

couples in t he  th inne r  2” lift caused a considerable decrease i n  t h e  

temperature of t h a t  material immediately surrounding t h e  thermocouples. 

- 

Based on i n i t i a l  laydown temperature discrepancies  it appeared t h a t  t h e  

assoc ia ted  temperature l o s s  was i n  t h e  order  of 2OoF t o  30 F. 0 

A l l  thermocouple measurements i n  t h e  mul t ip le  l i f t  subsect ions 
- - - - __ _~_. 

were increased accordingly t o  achieve an estimated breakdown tempera- 

ture range f r o m  24OoF ( s t a r t )  t o  190°F ( f i n i s h ) .  By ex t r apo la t ing  

temperature data it is estimated t h e  added pass ( 1 )  of t h e  3-wheel 

roller in Subsection 4 uas accomplished between 145OF ( s t a r t )  and 

125OF ( f i n i s h ) .  

The temperature noni tor ing  procedures employed i n  t h e  evalua- 

t i o n  test ,  admit tedly,  d id  not  prove as r e l i a b l e  as was expected. 

However, it i s  bel ieved t h a t  t he  r e s u l t i n g  tenpera ture  d a t a  was suf-  

f i c i e n t l y  dependable to i nd ica t e  t h a t  no s i g n i f i c a n t  v a r i a b i l i t y  in 

temperature condi t ions occurred between subsect ions within each mode 

of construct ion.  
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B, Density and Air Voids Determination 

A.basic assumption i n  the  Stanhope tes t  w a s  t ha t  r o l l e r  com- 

paction c a p a b i l i t i e s  could be evaluated by comparison of densi ty  

levels achieved both within and between subsections.  

i s  e s s e n t i a l l y  va l id  i f  subgrade support conditions and bituminous 

base composition w e r e  uniform throughout t h e  test area. 

p r i o r  t o  construction indicated t h a t  t he  macadam base had been ade- 

quately densif ied t o  a f ford  a cons is ten t ,  s t a b l e  subgrade f o r  the  

bituminous base. Also, s t a t i s t i ca l  ana lys i s  of laboratory ex t r ac t ion  

test r e s u l t s  revealed t h a t  s u f f i c i e n t  uniformity of mixture composition 

w a s  maintained during the test pavement construction. 

This assumption 

Observations 

As previously s t a t ed ,  both nuclear and core density determina- 

t ions  w e r e  u t i l i z e d  i n  t h i s  study with the  nuclear dens i t i e s  being the 

primary measure of pavement dens i f ica t ion .  In  order t o  analyze the  

densi ty  da ta  i n  one standard form, the nuclear density measurements 

w e r e  subsequently converted t o  predicted core density values by use 

of l i n e a r  cor re la t ion  equations.  Core dens i t i e s  were predicted using 

only a few of the  many cor re la t ion  re la t ionships  es tabl ished from the  

densi ty  measurements. The majority of density conversions were actu- 

a l l y  accomplished by one equation*, developed from paired core and a i r  

gap measurements, which was found t o  y i e ld  the most accurate predic- 

t ions.  

*Equation : 

Y = 82.6 + 0.467 X 
Y = Predicted core density value 
X - Nuclear densi ty  measurement (air-gap method) 

where 

and cor re la t ion  coe f f i c i en t  (P) = 0 .75  
standard e r r o r  estimate (fr) = 1 .27  P.C.F. 
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From t h e  a c t u a l  and predicted core d e n s i t i e s  (154 random loca t ions )  

mean d e n s i t i e s  were determined f o r  each of  t h e  22 coverage zones i n  the  

e igh t  subsections of t h e  test pavement. 

values is given i n  Table 1. 

d i f f e r e n t  coverage zones within each subsection it is poss ib le  t o  e s t a b l i s h  

densi ty  growth pa t t e rns  f o r  t h e  r o l l e r s  under study. 

da ta  co l lec ted  during the  actual compaction operat ions is given i n  

Exldbit  5 of t h e  Appendix and provides subs tan t ia t ion  t o  t h e  da t a  of 

T a b l e  1. 

A summary of these  mean dens i ty  

By comparing t h e  average d e n s i t i e s  of t h e  

The dens i ty  growth 

An important observation t o  be made from the  dens i ty  growth 

information is t h a t  the v ibra tory  r o l l e r s ,  within the  range of coverages 

considered (2 -51 ,  continued t o  increase dens i ty  with each added cov- 

erage. 

t h e  material or t h e  dens i ty  reduction t h a t  o f t en  occurs with increased 

vibratory r o l l e r  appl ica t ions  on cohesionless s o i l  materials. 

The higher number of coverages d id  not  cause loosening of 

The dens i ty  da ta  f o r  t h e  various rollers cannot be evaluated 

objec t ive ly  without first considering t h e  l e v e l  of dens i f ica t ion  

ac tua l ly  needed i n  a s t ab i l i zed  base course. 

experience t h e  Department has concluded Chat t he  d u r a b i l i t y  of a 

s t a b i l i z e d  base is s ign i f i can t ly  diminished when i t s  a i r  voids 

exceeds 10%. 

t i o n  of a s t a b i l i z e d  base have a i r  voids above 10% after compaction. 

Since t h e r e  normally is a c e r t a i n  amount of dens i ty  v a r i a b i l i t y  

within a pavement course,  a bituminous base ' s  average a i r  voids  

Through research  and 

Current spec i f i ca t ions  therefore  requi re  t h a t  no por- 

20 



TABLE 1 I r 

SUMMARY OF TEST SECTION 

.: MEAN DENSITIES 

Mult iple  L i f t  Construct  ion  

, 

2 

3 

2 

3 

5 

2 

3 

5 

3 

4 

6 

Single  L i f t  Construct ion 

3-Wheel 
Subsection No. 1 Roller Subsection No. 5 

Mean Mean 
Density Densi ty  
(P.C.F.) (P.C.F.) 

Cov. zone . 146.1 2 Cov. zone 147.4 

4 Cov. zone 147.4 Cov. zone 146.6 1I 

I1 

Vibro-P lus 
Subsection No. 2 CA-25A Subsection No. 6 

11 Cov. zone 143.5 2 Cov. zone 143.7 

3 Cov. zone 145.0 144.8 18 Cov. zone 

I 1  Cov. zone 146.8 5 Cov. zone 146.8 

h y G 0  
Subsection N o .  3 404 Subsection No. 7 

Cov. zone 143.3 2 Cov. zone 144.9 II 

I 1  Cov. zone 146.1 5 Cov. zone 146.3 

Tandem 
Subsect ion No. - 4 Roller Subsect ion No. 8 

5 Cov. zone 146.2 Cov. zone 144.8 11 

7 Cov. zone 147.4 Cov. zone 144.1 11 

10 Cov. zone 148.0 Cov. zone 145.3 I1 

NOTE: Mean Densi ty  = Average of (7) measurements; 2,  4" diameter  
cores and 5 p r e d i c t e d  core  d e n s i t y  values - 
based on n u c l e a r  d e n s i t y  measurements 
fair-gap method). 
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must of necessi ty  be much lower than 

current measures of v a r i a b i l i t y ,  the  

generally have t o  be as low as 6% ( 2  

\ l i m i t )  t o  insure  complete conpliance 

I 
I 

cr i te r ion .  

the cr i t ical  10% limit. From 

average a i r  voids l e v e l  uould 

standard deviat ions below 10% 

with t h e  Department's voids 

The dens i f ica t ion  needs f o r  a bituminous base can also be 

ccnsidered in another manner. Most bituminous base mixtures f o r  

Department p ro jec t s  are designed t o  densify t o  about 4% voids (center  

of permitted design range, 2% t o  6%) under laboratory Marshall com- 

paction. 

would then comespond t o  approximately 98% of the  design or Marshall 

density. 

system must'be capable Con the  average) of achieving at least 98% of 

the  laboratory M a r s h a l l  density t o  s a t i s f y  voids requirements. 

degrees of f i e l d  dens i f ica t ion  would, of course, be needed f o r  base 

mixtures hav& Marshall design voids above the  4% norm (up t o  6% 

allowed). 

The 6% average f i e l d  voids requirement f o r  such material * 

. 

This means t h a t  on most s t ab i l i zed  bases a ro l le r  o r  r o l l e r  

Higher 

~ 

- . 
To p e r m i t  comparison t o  the  preceding, t he  test pavement 

- .. -~ __ - 

density data of T a b l e  1 was refashioned in terms of percent of 

Marshall densi ty  and air  voids. 

in Table 2 .  A review of t h i s  l a t t e r  information d isc loses  a s a l i e n t  

The r e su l t i ng  values a re  presented 

.. 
inconsistency. In  s p i t e  of t he  f a c t  t h a t  t he  mixture f o r  the  t e s t  

pavement was or ig ina l ly  designed a t  the  normal 4% voids l eve l ,  98% 

Marshall density is seen to correspond t o  over 8% voids ra ther  than 

the  expected 6%. 

Analysis of t h e  Marshall specimens molded during t h e  t e s t  

" . (see Exhibit 2 )  reveals  t h a t  under Marshall conpaction t h e  mixture 

actual ly  densif ied to &,out -6% voids a s  compzxed t o  the  4% of the  
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TABLE 2 

MARSHALL DENSITY AND 

A I R  VOIDS SUMMARY ( % I  

Multiple L i f t  Construction S ingle  L i f t  Construction 

3-Wheel 
Roller  

I 

2 

3 

2 

3 

5 

2 

3 

5 

3 

4 

6 

Subsection No.  1 Subsection No. 5 

Marshall A i r  Marshall. A i r  
Density ($1 Voids (%) 

.I 98.1 8.8 
Density (%I Voids (%) 

99.0 7.9 It 2 

ti 

2 

3 

5 

2 

3 

5 

5 

7 

10 

98.5 8.4 I1 99 .o 7.9 

Vibro-Plus 
CA-25A 

I 1  
Subsection No.  2 
96.4 10.4 

Subsection No. 6 
96.5 10.3 

97.4 9.4 
- .  

97.2 9.6 

98.6 8.3 11 98.6 8.3 

RayGo 
. 404 

I1 
Subsection No. 3 
96.2 10.5 

Subsection No.  7 
97.3 9.5 

11 97.2 9.6 

98.1 8.8 

98.1 8.8 

98.3 8.6 I1 

Tandem 
Roller  

n 
Subsection No. 4 
97.2 9.6 

96.8 10.0 

97.6 9.3 

Subsection N o .  8 
98.2 8.7 

ir 

I1 

99.0 7.9 

99.4 7.6 

Mean Density 
Marshall Density 

NOTES: 1) % Marshall Density = 100 x .- 

2 )  % A i r  Voids = 100 - [ Mean Densi ty  x l o o ]  
DT 

Where: Mean Density is Average of (7) measurements; 2 ,  4" 
diameter cores  and 5 predicted core dens i ty  values - 
based on nuclear  dens i ty  measurements (air-gap method). 

M a s h a l l  Density is average of two sets of Marshall specimens 
(6 plugs molded a t  p lan t  on day t es t  pavement was constructed) .  

DT = The average of t h i r t y  maximum dens i ty  values obtained 
from 4" diameter pavement cores  (160.1 P.C.F.). . . .  
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- -  

desikn. Therefore, t h e  voids c h a r a c t e r i s t i c  of t h e  t e s t  mixture was 

obviously not  the- &he as t h a t  prescr ibed in t h e  original design .'A significant 
- 

s h i f t  i n  voids could be a t t r i b u t e d  t o  seve ra l  f a c t o r s  such as changes 

. \ i n  aggregate s p e c i f i c  g r a v i t i e s ,  i n  particle shape, i n  mixture compo- 
i 

s i t i o n ,  etc. I n  t h i s  i n s t ance  it is speculated t h a t  t h e  explanation 

for t h e  d i f fe rence  l i e s  with e i t h e r  t he  producer 's  failure t o  use 

accurate aggregate s p e c i f i c  g r a v i t i e s  i n  h i s  design ca l cu la t ions ,  o r  
7 

a s u b s t a n t i a l  change having occurred in an aggregate g rav i ty  a f te r  

formulation of the  design. 

ference is t h a t  normally adequate r o l l e r  compaction in terns of per- 

cent of Marshall dens i ty  d id  not  achieve desired voids l e v e l s  i n  t h e  

In  any event ,  t he  consequence of t h e  d i f -  

- 

test pavement. 

In view of t h e  r e l a t i v e l y  poor compaction c h a r a c t e r i s t i c s  of 
I 

t h e  test mixture, t h e  only objec t ive  way t o  compare rol ler  canpaction 

- c a p a b i l i t i e s  is t o  consider  dens i f i ca t ion  i n  terms of percent of 

Marshall densi ty  r a t h e r  than air  voids. 

of course,  is  t h a t  such comparisons be able t o  d i s t ingu i sh  between 

An add i t iona l  requirement , 
. 

real or s i g n i f i c a n t  d i f f e rences  and those d i f fe rences  r e s u l t i n g  s in-  

p ly  from normal va r i a t ion  i n  measurements. 

t i s t ical ,  one- ta i l ,  t score  test was used i n  t h e  study t o  analyze 

For t h i s  reason, a sta- 

dens i ty  d i f fe rences  within and between subsections.  

Considering again t h e  data of T a b l e  2,  it is apparent t h a t  

t h e  Department's s tandard canpaction system (3-wheel breakdown, tan-  

dem f i n i s h )  equaled or be t t e red  t h e  c r i t i ca l  98% Marshall densi ty  

l e v e l  in both mult iple  and t h i c k  lift construct ion.  Furthermore, 

statistical ana lys i s  i nd ica t e s  t h a t  t he  add i t iona l  3-wheel breakdown 

coverages inves t iga ted  i n  t h e  study did not affect any s i g n i f i c a n t  

densi ty  increase in e i t h e r  paving mode. 
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The v i b r a t o r y  r o l l e r s  are seen t o  have behaved much d i f f e r e n t l y  

than t h e  s tandard compaction system. 

l i f t  subsec t ions  t h e  Vibro-Plus r o l l e r  s i g n i f i c a n t l y  increased  m a t  

d e n s i f i c a t i o n  wi th  increased coverages. 

have occurred with t h e  RayGo v i b r a t o r y  r o l l e r .  However, i n  deep l i f t  

cons t ruc t ion  (Subsection 71, t h e  RayGo 404 w a s  unable t o  cause a s i g -  

n i f i c a n t  dens i ty  i n c r e a s e  w i t h  its f i n a l  two appl ica t ions .  

p a r t i c u l a r  i n s t a n c e ,  however, t h e  RayGo u n i t  d i d  surpass  t h e  important  

98% Marshall  dens i ty  level w i t h  only t h r e e  r o l l e r  coverages whi le  i n  

a l l  o t h e r  v i b r a t o r y  subsec t ions  (mul t ip le  and s i n g l e  l i f t  cons t ruc t ion)  

f i v e  coverages were needed. 

I n  both i t s  m u l t i p l e  and s i n g l e  

The same s i t u a t i o n  is seen t o  

I n  t h i s  

Before consider ing t h e  performance of t h e  tandem r o l l e r  i t  is  

necessary t o  comment on t h e  dec is ion  made during cons t ruc t ion  t h a t  

modified t h e  tandem r o l l e r ' s  planned compaction sequence. 

monitoring used with the  tandem r o l l e r  r e s u l t e d  i n  a d d i t i o n a l  compac- 

t ive e f f o r t  being appl ied  t o  i t s  subsect ions.  

doubt fu l  t h a t  t h e  added compaction w a s  j u s t i f i e d  as t h e  d e c i s i o n  w a s  

made on t h e  b a s i s  of a i r  voids  n o t  percent  of Marshall  dens i ty .  The 

high a i r  voids condi t ion i n d i c a t e d  by t h e  monitoring tests a t  completion 

of t h e  planned compaction sequence w a s  a c t u a l l y  similar t o  t h a t  achieved 

by t h e  o t h e r  r o l l e r s .  I n  view of t h e  unexpected change i n  t h e  a i r  voids  

c h a r a c t e r i s t i c s  of t h e  base mixture,  t h e  added compaction w a s  appl ied  

more as a r e s u l t  of an inadequately designed mixture r a t h e r  than poor 

compactive e f f o r t .  

The s p e c i a l  

I n  r e t r o s p e c t ,  i t  i s  

The a d d i t i o n a l  compactive e f f o r t  used i n  tandem r o l l e r  

Subsection 4 w a s  one pass  of a 3-wheel r o l l e r  on i t s  top l i f t .  

Unfortunately,  t h i s  change i n  r o l l e r  type makes i t  impossible  from 

t h e  f i n a l  dens i ty  measurements t o  e s t a b l i s h  t h e  tandem r o l l e r ' s  

compaction c a p a b i l i t i e s  i n  m u l t i p l e  l i f t  construct ion.  I n  t h i c k  
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- l i f t  c o n s t r u c t i o n ,  t h e  e x t r a  compactive e f f o r t  was a p p l i e d  with two 

a d d i t i o n a l  p a s s e s  of t h e  tandem u n i t ;  t h e  added a p p l i c a t i o n s  are 
I 

reflected 21 t h e  d a t a  of  Table 2 .  Analysis  of f i n a l  d e n s i t i e s  i n  

t h i s  i n s t a n c e  is t h e r e f o r e  v a l i d .  

It must be noted t h a t  iri both tandem subsec t ions  t h e  added 

compAction was accomplished a t  r e l a t i v e l y  low temperatures  ( 180° 

t h i c k ,  140° m u l t i p l e ) .  There is ,  t h e r e f o r e ,  s t r o n g  doubt e s p e c i a l l y  

in m u l t i p l e  l i f t  c o n s t r u c t i o n  t h a t  t h e  supplemental  r o l l e r  p a s s e s  

increased  d e n s i f i c a t i o n .  

surements before  and af ter  t h e  e x t r a  r o l l i n g  a t  t h e  monitor ing loca-  

t i o n s  l e n d s  support  t o  t h i s  doubt.  

The lack  of d i f f e r e n c e  between d e n s i t y  m e a -  

A review of t h e  mean d e n s i t i e s  for Subsection 0 r e v e a l s  t h a t  

t h e  tandem r o l l e r  reached t h e  98% Marshal l  d e n s i t y  l e v e l  with f i v e  

coverages.  Also,  a t  seven coverages t h e  tandem r o l l e r  reached what 

might 3e considered its ~ p t i i i ~ '  d z n s i f i c a t i o n  l e v e l  for t h 2  t es t  - 

99% of t h e  Marshall value .  The s t a t i s t i ca l  tes t  i n d i c a t e d  t h a t  no 

s i g n i f i c a n t  i n c r e a s e  i n  d e n s i t y  occurred between seven and t e n  tandem 

- coverages.  

Comparing t h e  performance of t h e  v a r i o u s  rol lers  on m u l t i p l e  

l i f t  c o n s t r u c t i o n ,  it appears  t h a t  t h e  Department's s tandard  conpaz- 

t i o n  system (3-wheel breakdown, tandem f i n i s h )  w a s  t h e  optimum dep-.  

s i . r i c a t i o n  system t e s t e d .  

with only  t w o  3-wheel breakdown coverages ( p l u s  2 tandem f i n i s h  

p a s s e s )  - t h e  v i b r a t o r y  r o l l e r s  r e q u i r e d  f i v e  coverages t o  achieve 

The 98% H a r s h a l l  d e n s i t y  l e v e l  was a t t a i n e d  

e s s e n t i a l l y  t h e  same d e n s i t y  condi t ion .  I n  t k c k  l i f t  c o n s t r u c t i o n  

t h e  s tandard  compaction system again seems t o  have been t h e  optimum 

method of  compaction. 
r 

It produced h igher  d e n s i t i e s ,  with less break- 
. .  
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down coverages,  than t h a t  achieved by any of t h e  o t h e r  r o l l e r s .  

However, i t  is  of va lue  t o  note  t h a t  i n  t h i c k  l i f t  paving t h e  RayGo 

d id  reach t h e  98% Marshall  level a f t e r  only t h r e e  appl ica t ions .  

A comparison of t h e  dens i ty  levels a t t a i n e d  i n  the  t h i c k  l i f t  

and m u l t i p l e  l i f t  cons t ruc t ion  revea ls  a d d i t i o n a l  performance d i f fe rences .  

As was found i n  p a s t  s t u d i e s  of t h e  Equipment Committee, t h e  s i n g l e  l i f t  

paving method genera l ly  r e s u l t e d  i n  h igher  degrees of bituminous base 

d e n s i f i c a t i o n .  Analysis of t h e  i n d i v i d u a l  dens i ty  measurements fur-  

t h e r  d i s c l o s e s  t h a t ,  i n  terms of var iance  ($), t h i c k  l i f t  base had 

less than h a l f  t h e  l o n g i t u d i n a l  v a r i a b i l i t y  of mul t ip le  l i f t  base.  

It is  be l ieved  t h a t  t h e  h igher  m a t  temperatures i n t r i n s i c  t o  t h i c k  

l i f t  cons t ruc t ion  provided f o r  t h e  improved pavement d e n s i f i c a t i o n .  

C. Rol le r  Ef f ic iency  

Although it i s  valuable  t o  compare t h e  var ious r o l l e r s  i n  

terms of dens i ty  levels achieved, an equal ly  important f a c t o r  is 

t h e  compaction t i m e  employed. To account f o r  both t h e  d e n s i f i c a t i o n  

and t i m e  c h a r a c t e r i s t i c s  a parameter termed " r o l l e r  e f f ic iency"  w a s  

u t i l i z e d .  Rol le r  e f f i c i e n c y  w a s  taken t o  be t h e  change i n  dens i ty  

a f f e c t e d  by a r o l l e r  divided by i t s  expended compaction t i m e .  

Table 3 lists t h e  r o l l e r  e f f i c i e n c y  value f o r  each compactor and 

coverage level evaluated.  

To f a c i l i t a t e  uniform comparisons t h e  e f f i c i e n c y  values  

have been c a l c u l a t e d  by assuming t h e  p e r t i n e n t  r o l l e r  coverages t o  

be placed over  t h e  entire width of a 12  f o o t  wide mat. The compac- 

t i o n  t i m e s  used i n  t h e s e  c a l c u l a t i o n s  were a l l  a c t u a l ,  as measured, 

t i m e s  f o r  t h e  3-wheel and tandem r o l l e r s .  For t h e  v i b r a t o r y  com- 

p a c t o r s ,  t h e  compaction t i m e s  were est imated using t h e  recorded, 
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average t i m e  p e r  coverage m u l t i p l i e d  by t h e  number of coverages being 

considered.  I n  a l l  i n s t a n c e s  t h e  average d e n s i t i e s  achieved i n  t h e  

subsec t ions  were used t o  determine r e l a t e d  d e n s i t y  changes. 

To  e v a l u a t e  t h e  r o l l e r  e f f i c i e n c y  d a t a  it is necessary t o  

keep i n  mind t h a t  a bituminous base must normally be d e n s i f i e d  t o  98% 

of t h e  Marshal l  d e n s i t y  (average l e v e l )  t o  i n s u r e  conpl iance with 
v 

Department a i r  voids  c r i t e r i o n .  

i n  reaching t h i s  d e n s i t y  l e v e l  is t h e r e f o r e  o f ' m a j o r  importance i n  

consider ing ' t h e i r  use  on Department p r o j e c t s .  A review of  T a b l e  3 

The e f f i c i e n c y  which r o l l e r s  e x h i b i t  

shows t h a t  i n  m u l t i p l e  l i f t  c o n s t r u c t i o n  t h e  Department's p r e s e n t l y  

s p e c i f i e d  r o l l e r  system (3-wheel breakdown wi th  tandem f i n i s h )  was 

more e f f i c i e n t  t h a n  t h e  v i b r a t o r y  compactors i n  reaching t h e  c r i t i c a l  

98% Marshall  d e n s i t y  p l a t e a u .  This  system had t h e  h ighes t  e f f i c i e n c y  

value and, accord ingly ,  had t h e  lowest compaction time of a l l  t h e  

cornpaction u n i t s  eva lua ted .  

It is  more d i f f i c u l t  t o  compare r o l l e r  e f f i c i e n c i e s  on t h e  

~ 
t h i c k  l i f t  t h a n  on t h e  m u l t i p l e  l i f t  paving. This  is due t o  t h e  fact  

t h a t  t h e  s tandard  3-whee1, tandem system produced 99% r a t h e r  t h a n  98% 

of t h e  Marshall  d e n s i t y .  

t h e  3-wheel, tandem system would d e f i n i t e l y  be t h e  most e f f i c i e n t .  

If  comparisons were made on t h e  99% l e v e l ,  

This  system r e q u i r e d  less t i m e  t o  reach  99% d e n s i t y  t h a n  t h a t  needed 

by ;he o t h e r  r o l l e r s  i n  achiev ing  lower d e n s i t i e s .  The only comment 

t h a t  can be o f f e r e d  concerning comparisons a t  98% Marshall  d e n s i t y  

l e v e l  is  t h a t  t h e  RayGo (404) was more e f f i c i e n t  than  both t h e  Vibro- 

Plus (CA-25A) and tandem compactors. 
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TABLE 3 

c, 
ck 
b a  

al 

.d 

r( 

ROLLER EFFICIENCY 

(1) 
10 0 98.1 46* 0.398 100 -- 1 2 3-wheel w i t h  146.1 

Tandem F i n i s h  
2 5 Vibro-Plus 146.8 100.5 98.6 60 0.317 80 -- 

(CA-25A) 
RayGo 146.1  100.0 98.1 60 0.305 77 -- 
(404)  
(1 

. 15 2 +wheel wi th  147.4 100 . 99.0 22* 0.850 100 214 -- 
Tandem F i n i s h  

UJ I 6 5 Vibro-Plus 146.8 99.6 98-6 ' 30 0.603 7 1  190 
?a 

-..A 

if (CA-2 5 A )  

*!i 
KayGo 146.1 99.1 98.1 12 1.450 1 7 1  309 
(404)  

-yo17 3 
!I 

5 146.3 99.3 98.3 20 0.'880 104 289 
$ 1 8  5 Tandem 146.2 99.2 98.2 26 0.673 79 -- 

I 
- -- 

NOTES: 1. Department's s t a n d a r d  (S td . )  compaction used for comparison purposes. 
2. 
3. 

4. 

Determined from ave rage  compaction time p e r  coverage,  
Roller efficiency = F i n a l  - Average Laydown Density 

% Std .  roller e f f i c i e n c y  = Rol l e r  E f f i c i e n c y  (Any cov.zone) 

.i 1 Average Laydown Density 

Thick Lift = 128.7 P.C.F. 
Multiple Lift = 127.8 P.C.F. 

Total Compaction Time (Min. 1 
x 100 

f Std. Roller E f f  i c i e n c v  (3-wheel 1 
5. 

6. Subsec t ion  4 not  inc luded  due t o  a p p l i c a t i o n  of one 3-wheel r o l l a r  pass on t o p  lift. 

% Roller e f f i c i e n c y  (Mult. l i f t )  = Roller E f f i c i e n c y  (Thick L i f t )  loo Roller Efficiency (Mult. L i f t  

*Includes tandem f i n i s h  r o l l i n g  and a l l  maneuvering tine: 

I 

,, ,. .-~.  . . .. . . .. , 



. - - As would be expected, Table 3 a l s o  shows t h a t  a l l  r o l l e r s  

increased t h e i r  e f f i c i ency  and reduced t h e i r  compaction times s i g n i f -  

i c a n t l y  5x going from mul t ip le  l i f t  t o  t h i c k  l i f t  construct ion.  This 

i s  c l e a r l y  shown by inspec t ion  of t he  % r o l l e r  e f f i c i e n c y  achieved cn 
\ 

. 

t h i ck  vs mult ip le  l i f t  cons t ruz t icn .  

7 

D. Riding Qua l i ty  

The r i d i n g  q u a l i t y  measurements obtained i n  the Stanhope eval-  

uat ion tes t  are summarized i n  T a b l e  4. I n  i n t e r p r e t i n g  t h i s  r i d i n g  

qua l i t y  da ta  it must be kept  in  mind t h a t  t h e  information presented - 
was obtained on r e l a t i v e l y  s h o r t  (200 f e e t )  pavement lengths .  A good 

d e a l  of judgment would have t o  be exercised i n  ex t r apo la t ing  t h e  

" r i d i n g  q u a l i t i e s  achieved i n  t h e  sho r t  subsect ions of t h i s  test t o  

those achievable over t h e  e n t i r e  length  of a f u l l  s ize  cons t ruc t ion  
- 

pro jec t .  

The EPR roughometer da t a  is presented i n  t h e  form of  average 

roughness index va lues  f o r  each subsect ion.  These values ,  which a r e  

- each an average of s i x  measurements, are observed t o  range from a low 

of 140 inches/mile t o  a high of 1 9 1  inches/per m i l e .  On a t y p i c a l ,  

f u l l  s i z e ,  paving p r o j e c t  in N e w  Jersey,  t he  top  of s t a b i l i z e d  base 

would be expected t o  have a roughness ' index somewhere between 1 2 0  and 

180 inches/mile. 

Comparing t h e  roughness f o r  t h e  mul t ip le  l i f t  subsec t ions ,  it 

appears t h a t  t h e  two v ibra tory  r o l l e r s  and t h e  Department's s tandard 

compaction system (3 wheel breakdown, tandem f i n i s h )  a l l  produced 

about t h e  same l e v e l  of pavement smoothness. Tandem breakdown r o l l i n g ,  

in c o n t r a s t ,  r e s u l t e d  i n  a su rp r i s ing ly  rougher pavement. 

f ind ings  also apply to t h e  t h i c k  l i f t  mode of cons t ruc t ion  with t h e  

These same 

. .. 

30 



exception of t he  RayGo 404 v ibra tory  r o l l e r .  

t h e  RayGo 404 seems to’have produced a smoother r id ing  sur face  (lower 

roughness $ndex) than t h a t  a t t a ined  by any of t he  other  compactors. 

z 
t o  t h a t  for t h e  mul t ip le  l i f t  subsect ions revea ls  an add i t iona l  i n t e r -  

e s t i p g  f ac to r .  

rougher than t h e i r  comparable mul t ip le  l i f t  subsections.  

In  t h i c k  l i f t  compaction 

* .  

A comparison of roughometer da t a  f o r  the  th ick  l i f t  subsect ions 

The th i ck  l i f t  subsect ions are a l l ,  t o  varying degrees,  

Apparently, 

when using a manually cont ro l led  paver, it is not  possible  with one 

l i f t  of base t o  overcome as much subgrade roughness as with two l if ts .  

The r id ing  q u a l i t y  measurements made with the  r o l l i n g  s t r a i g h t -  

edge are given on the  r i g h t  hand s i d e  of T a b l e  4. For each subsect ion,  

t h e  t a b l e  shows the  number of surface devia t ions  in  the  wheel paths  

t o  be i n  excess of one e ighth  6f an inch. To  i n t e r p r e t  t h i s  da t a  it 

must be r ea l i zed  t h a t  good r i d i n g  pavements normally have f e w  devia- 

t i o n s  while rough pavements have many deviat ions.  Based on t h i s  con- 

s ide ra t ion  it is apparent t h a t  t h e  s t ra ightedge observat ions substan- 

t i a te ,  i n  a general  way, t h e  f ind ings  from t h e  mughometer measure- 

ments. This is p a r t i c u l a r l y  t r u e  i n  regard t o  the  indicated advantage 

i n  r i d i n g  q u a l i t y  of t he  mul t ip le  lift construct ion over t h e  th i ck  

l i f t  construct ion.  

The preceding coninents must be tempered by two add i t iona l  . 

considerat ions.  F i r s t ,  t h e  repea t  readings with the  roughometer on 

any one subsection were more var iab le  than had been an t i c ipa t ed .  

Although a t o t a l  of six measurements were averaged i n  each subsect ion,  

t h e i r  v a r i a b i l i t y  was slxch as t o  cause the  r e s u l t i n g  average t o  be of 

r a t h e r  low precis ion.  The 95% confidence l i m i t s  for each average w a s  

approximately 2 25 inches/mile. 
c 

This bas i ca l ly  means t h a t  t h e  d i f -  
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ference in roughness index between any two subsections must be i n  t h e  

order  of a t  least  25 inches per  mile before it could be considered 

real and s i g n i f i c a n t .  

The second tempering f ac to r  r e l a t e s  t o  the poor r i d i n g  q u a l i t y  

Unlike t h e  rest of t h e  exhibi ted by the  tandem breakdown subsections.  

test pavement these  subsect ions were on the beginning of a s l i g h t  hor i -  
7 

zonta l  curve. The r e l a t e d  super e leva t ion  changes may have had some 

detr imental  effect on the  surface smoothness achieved i n  these  areas. 

.. . .. 
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TABLE 4 

R I D I N G  QUALITY MEASUREMENTS .I 

I 

.- 
I 

B. P. R. Roughometer Data Straightedge Data 
I 
I 

Multiple L i f t  ‘ Average Equivalent Number of Deviations i n  Whealpaths 
Subsect i o n s  S t a t i o n  Roughness Index ( i n .  / m i l e  )* Of Ind iv idua l  Subsections .‘ 

1 (3-wheel) 
2 (CA-25A) 

clj 0 3 (RayGo 404) 
4 (Tandem) 

Thick L i f t  
Subsections 

5 (3-wheel) 
6 (CA-25,A) 
7 (RayGo 404) 
8 (Tandem) 

52 + 50 t o  54 + 50 
55 + 50 t o  57 + 50 
58 t 50 t o  60 + 50 
61 + 50 t o  63 + 50 

52 + 50 t o  54 + 50 
55 + 50 t o  57 t SO 
58 + 50 t o  60 + 50 
61 + 50 t o  63 + 50 

141 
146 
140 0 

171 

16 8 
17 9 

- 143 
191 

4 
4 
2 
5 

14 
12 
9 

12 

*Values given are average of six roughometer measurements per  subsect ion - t h r e e  repea t  measurements in 
each of two wheel paths.  Based on t h e  v a r i a b i l i t y  of t h e  repea t  measurements, t h e  95% confidence l i m i t s ,  

e, f o r  each average value is 25 i n c h d m i l e .  



II. CONCLUSIONS 

The r e s u l t s  of this bituminous base compaction study are 

bes t  summarized by the following conclusions. 

-. -- - CT- - a___ . - .  -_ - 

1. Analysis showed t h a t  under labora tory  Marshall compaction 

* t h e  base mixture dens i f ied  t o  only 6% a i r  voids as compared 

to t h e  o r i g i n a l  design of 4%. The consequences of t h i s  

change was t h a t  normally adequate ro l le r  compaction did 

no t  achieve a des i red  voids keve l .  For t h i s  reason, i n  

eva lua t ing  t h e  conpaction c a p a b i l i t i e s  of the  r o l l e r s  

t e s t e d ,  it was necessary t o  consider  t h e  Department's den- 

s i f i c a t i o n  requirements i n  terms of percent Marshall den- 

s i t y ,  r a t h e r  than bn an air voids bas i s .  For most base 

mixtures (designed a t  4% Marshall air voids) a r o l l e r  

system must be capable,  on t b  average, of a t t a i n i n g  at 

least 98% of t h e  Marshall dens i ty  t o  s a t i s f y  t h e  Depart- 

ment's voids spec i f i ca t ion .  

2. A l l  r o l l e r  systems evaluated were able t o  achieve the  cri t-  

ical 98% Marshall dens i ty  p la teau .  

noted t h a t  due t o  a change h t h e  planned r o l l e r  sequence 

However, it is t o  be 

during cons t ruc t ion ,  it was not  poss ib le  t o  eva lua te  the  

compaction c a p a b i l i t i e s  of t he  tandem roller i n  t h e  mul- 

tiple l i f t  paving mode. 

3. The vibratony r o l l e r s  did not  produce base d e n s i t i e s  equiv- 

a l e n t  to those achieved by t h e  Department's s tandard com- 

pact ion system within t h e  coverage range (2-3) recommended 

by t h e  manufacturers of t h e  u n i t s .  
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Pavement r id ing  qua l i ty  was not adversely affected by 

e i t h e r  of the  vibratory compactors tes ted .  I n  addi t ion,  

'no measurable improvement i n  r id ing  qua l i ty  was discern- 
_.. * 

* 
ible when the  tafiden rather than the  3-wheel r o l l e r  was 

used to perform breakdown compaction. 

The pavement surface produced by the  vibratory and tandem 
7 

9. 

rollers on the  t e s t  mixture, after breakdown compaction, 

was such t h a t  f i n i s h  r o l l i n g  w a s  not necessary. This 

suggests t h a t ,  i n  instances where compaction time is not 

cri t ical ,  ce r t a in  economies could be rea l ized  by using the  

. 

vibratory o r  tandem rollers instead of the  Department's 

standard system. 

of adequate densi ty  with one r o l l e r  and one operator,  

The a b i l i t y  t o  achieve a smooth base 

r a t h e r  than two r o l l e r s  and two operators,  could a f f e c t  a 

reduction i n  construction costs .  

10. The findings of t h i s  evaluation showed t h a t  when a man- 

ually control led b i tminous  paver is u t i l i z e d ,  the  re- 

su l t i ng  r id ing  surface on th i ck  l i f t  base construction 

is s ign i f i can t ly  rougher than t h a t  for standard multiple 

l i f t  paving. 

11. This study substant ia ted previous findings t h a t  general ly  

higher bituminous base density is achieved in th ick  l i f t  

paving as coinpared to t h e  Department's mult iple  l i f t  mode 

of construction. 

required. 

Furthermore, l e s s  compaction time is 

. .. 
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I EXHIBIT 1 

ROLLING P R O C E D W ,  PASS AND COVERAGE DEFINITIONS 

:, 3 WHEEL - R O L G R  (10 - 12 Ton) 

A. *Rolling Procedure 

1. Rolling shall progress from low to high. 

2. Complete s p e c i f i e d  nlrmber of passes  (1). 

B. Definit ion of a Pass and Resulting Coverages 

1. Roll ing s h a l l  proceed uniformly lapping (one h a l f  width of 

rear wheel) each preceding track u n t i l  the  entire rat sur- 

face has been r o l l e d  by the rear wheels. 

- 

2. One pass r e s u l t s  in pavement strips or zones having 2 & 3 

coverages in subsection 1 and 2 d 4 coverages in subsection 

5 (due to wider mat width) for  evaluation. 

VIBRATORY ROLLERS (Vibro-plus, McdeL CA-25A and KayGo Rustler,  Model 404) 

A. *Rolling Procedure 

1. Rolling s h a l l  progress fcom'low to high. 
- - - - -. - - . 

2. 

3, 

Haintain spec i f ied  frequency of vibration.  

Cmplete  number of spec i f i ed  passes (2  f u l l  width of mat 

and 1 p a r t i a l  width).' 

B. Definit ion o f  a Pass and Resulting Coverages 
# 

1. Hovement of vibrating drum from point A t o  p o i n t  B. 

2. Two f u l l  width  passes and one p a r t i a l  w idth  pass results 

i n  pavement s t r i p s  or zones having 2 ,  3 6 5 coverages 

for evaluation. 

I 
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EXHIBIT 1 (Continued) 

TANDEM BREAKDOWN ROLLZR (10 - 12 Ton) 

A. *Rolling Procedure 

1. 

2.- 

Roll ing s h a l l  progress  from low t o  high. 

Complete s p e c i f i e d  number o f  passes  (3 f u l l  width of mat 

and 1 p a r t i a l  width). 
i 

B. Def in i t i on  of a Pass and Resul t ing Coverages 

I. Rol l ing  s h a l l  proceed uniformly lapping (one h a l f  width 

of rear drum) each preceding t r a c k  u n t i l  t h e  e n t i r e  mat 

su r face  has  been r o l l e d  by t h e  rear drum. 

Three full width passes and one p a r t i a l  width pass r e s u l t s  

in pavement s t r i p s  or  zones having 3, 4 & 6 coverages for 

eva lua t ion .  

2. 

TANDEM FINISH ROLLER (10 - 12 Ton) 

A. *Rolling Procedure 

1. Rol l ing  s h a l l  progress  from low t o  high. 

2. Complete number of passes  necessary t o  e l imina te  pavement 

mrks l e f t  by t h e  breakdown ' roller.  
- - _ _  

.. -B. De-finition of a Pass 
-. - _  - - 

Same as for "Breakdown Tanden Roller" (above) 

DEFINITION OF COVERAGE (All Compactors) 

A coverage is f u r t h e r  def ined  as ONE passage over  a point on t h e  ' - 
mat of one rear  wheel of t h e  3-wLeel r o l l e r ,  t h e  rear  drum of t h e  tan- 

dem or t h e  v i b r a t i n g  drum of t h e  v ib ra to ry  compactors. 
I 

The number of coverages made i n  t h e  s p e c i f i c  pavement s t r i p s  or  

zones to be evaluated i n  each  subsec t ion  were e s t ab l i shed  by pass def-  

i n i t i o n s ,  number of passes  s p e c i f i e d  rrnd r o l l e r  and m a t  dimensions. 

*Breakdown r o l l i n g  w i l l  not  begin u n t i l  paver has cosplc ted  laydown i n  

39 .. - t he  subsect ion.  
* 



EXHIBIT 2 

MIX DESIGN 

Sieve # 

2" 

1-1/2" 

3/4" 

#4 

#8 

Theoretical Gradation 

Total % Passing 

100 

100 

79 

48 

38 

#5 0 15 

#200 6.1 

Percent Asphalt Cement.. .4.3% 

Percent A i r  Voids . . . . . . . .3d98% (6.1%)% 

. . - --Average S t a b i l i t y  ..... 2650 lbs (2050 lbs.)* 

Average Flow. . . . . . . . . . . . .O .1l" ( 0.11" 1 * 
Weight Per Cu. Ft  . . ... . .150 lbs (149 lbs. >* 

*Average of two sets (6 plugs)  of Marshall specimens molded at plant  
on day of test s e c t i o n  construction. 
of Marshall specimens was determined by the  New bersey Department 
of Transportation's solvent  h e r s i o n  test method. 

The maximum s p e c i f i c  gravi ty  
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EXHIBIT 3 

COMPOSITION ANALYSIS AND PLANT MIXTURE TEMPERATWS 

7 

P a r t  1 Extract ion Test Results a t  P l a n t  (% P a s s i n g )  

Sieve 
Size T e s t  1 T e s t  2 Test 3 T e s t  4 

2" 10 0 10 0 10 3 10 o 
t -  

1-1/2" 10 0 1 0  0 10 0 .loo 

3/4" 80 8 1  68 79 

#4 

#8 

46 46 

4 1  41 

39 47 

34 40 

#SO 16 16 14 16 

#200 6.1 6.5 5 .8  5.4 

A.C. (%I  4.4 3.8 3.7 4.3 

P a r t  2 Extract ion T e s t  Resul ts  From 8" Diameter Pavement Cores (% Passing) 

Sieve T e s t  5 T e s t  6 T e s t  7 
Size Top L i f t  Bottom L S t  One L i f t  

2" 100 . 1 0  0 LO 0 

1-1 / 2" 100 i o o  10 0 
- - 374" - 79 77 70 

#4 42 44 40 

#8 37 39 36 

#5 0 16 15 15 

#200 4.9 5.6 7.7 

-____ - .  . 

.. 

A.C. (%) 3.9 4.4 I 4.3 

P a r t  3 Plant  Mixture T m p r a t w e s  - 

Time RaTlge of Temperatures (OF) - . 
7:OO - 12:OO a.m.  280 - 300 
12:OO - 3:30 p.m. 285 - 295 
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. EXHIBIT 4 

CONSTRUCTION EQUIPMENT DETAILS 

- * .  

Equipment Type 

(1) Paver 12 foot paving width, 

3 Manual c o n t r o l  for line and grade 
I 

Depth feelers for automatic feed 

vibrating screed (variable  i n t e n s i t y )  

(2)  3-Wheel Roller 

10-12 Tons 

Roll ing width - 7 '  or 84" 

Width of rear wheels - 24" 
(3)  Tandem Roller 

10 t o  12 Tons 

Width of rear roll - 4.5' or 54" 

(4) Vibratory Rollers Vibro-Plus, Hodel CA-2SA S/N 251 

Overall n e t  weight - 20,300 lbs. 

Drum diameter - 60" 

Drum Length - 84" 
Frequency-Variable t o  2400 V.P.M. 

I 

- __ - - -  - 

*Stat ic  D r u m  Force - 10,500 1bs.  

*Centrifugal Force (High Amplitude S e t t i n g )  - 
18,500 lbs. @ 1700 V.P.M. 

RayGo, Hodel 404 

Shipping weight - 18,500 lbs. 1 

Drum diameter - 59" I 
Drum l e n g t h  - 84" - 

*Note: - S t a t i c  and Yariable frequency - 1150  to 1500 V.P.H. 
dynanic force values 

brochures. . 
' taken f m  equipment Reed Type Vibration Tachometer 

*Stat ic  Drum Force - 12,000 Us. 

. 

*Dynamic Force - 27,000 Us. 
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EXHIBIT 5 
I 

SUMMARY OF DENSITY GROWTH MEASUREMENTS ( 3  COVERAGE ZONES) 

i 
i 

STANDARD MULTIPLE LIFT CONSTR!fCTICN ( 2  L i f t s ,  2" Thick) 

% a  

b w  

3 0  

H z 
0 

8 b AVERAGE AVERAGE OF TWO DENSITIES(P.C.F.)AFTER COVERAGE 

% -  4 TWO THREE ONE DENSITY (P.C.F.) 
4 LAYDOWN cn 

FOUR 
_I_ - - 

2 17E18 127.8 142.5 144.3 144.9 -- 

4 58&59 127.8 143.3 144.4 144.2 143.7 

SINGLE OR DEEP LIFT CONSTRUCTION (1 L i f t ,  4" Thick) 

3 r n  
8 

[;: 

H 
b u H 

b AVERAGE 
LAYDOWN 

DENSITY (P.C.F.) 

AVERAGE OF TWO DENSITIES(P.C .F. )AFTER COVERAGE 

FIVE - FOUR - THO THREE - ONE - 5 2  v) 4 - .- 
6 109Q110 128.7 . 144.4 144.8 145.6 -- -- 
7 1266129 128.7 139.8 ' 136.9** 146.6 -- -- 

. 

8 --149&156 -- 128.7 - - 1 4 2 . 7  144.3 345.3 -- 145.5 

- 

Note : 
1. Density values are predicted core dens i t ies  based on nuclear 

density measurements. 

2. ,(*)Data f o r  Subsection 3 omitted due t o  inconsistency w i t h  
density growth pa t te rns  of other subsections. 
pected t h a t  the  inconsistencies a re  a t t r i bu tab le  t o  insuf- 
f i c i e n t  adherence t o  prescribed t e s t  methods caused by time 
l imi ta t ions  between coverages. 

It is sus- 

3.  Average laydown dens i t ies  a re  equivalent t o  t h e  mean density 
achieved separately i n  Lane, R-1 ( t h in  l i f t )  and Lane, R-2 
( thick l i f t )  a t  paver laydown. 

(**)As with t h e  data  of Subsection 3, it is believed t h a t  
t h i s  average is i n  e r r o r  due to d i f f i c u l t i e s  i n  completing 
measurement procedures. 

- 

4. 
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