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A study was initiated in 1992 by the Federal Highway Administratioiz (FHWA) in conjunction 
+ with the Strategic Highway Research Program to assist the highway community in validating 

Superpave binder tests and specifications, Superpave mixture tests and performance models, and 
other laboratory tests that have been developed to predict the performances of asphalt mixtures. 
Twelve pavements were constructed at the FHWA pavement Testing Facility in 1993 to assist in 
validating binder and mixture tests for rutting and fatigue cracking. T h s  facility is located at the 
Turner-Fairbank Highway Research Center in McLean, VA. The pavements are to be tested 
from 1994 to 2000 using the FHWA Accelerated Loading Facility, which is a hll-scale 
pavement testing machine. 

This report documents the asphalt mixture designs, quality control and quality assurance tests for 
the asphalt pavement layer, and other asphalt binder and mixture tests performed at the time of 
construction. It will be of interest to research and laboratory personnel involved with testing and 
evaluating hot-mix asphalt for performance. 

This report is being distributed on a limited basis. Copies of this report are available from the 
National Technical information Service (NTIS), 5285 Port Royal Road, Springfield, Virginia 
22161. 
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1. Background I 

I n  1993, a study was i n i t i a t e d  by the  Federal Highway Adrn~n is t ra t i on  
(FWWA) t o  a s s ~ s t  t h e  highway community i n  v a l i d a t i n g  Superpave b inder  t e s t s  

J and spec i f i ca t i ons  . Superpave mixture t e s t s  and performance models , and 
other  laboratory t e s t s  t h a t  have been developed t o  p r e d i c t  t h e  performances 
o f  asphalt ni ixtures. Twelve pavements were constructed a t  t h e  FHNA Pavement 
Test ing Faci li t y ,  located a t  the  Turner-Fai rbank Highway Research Center 
(TFHRC), McLean, VA, t o  a s s i s t  i n  v a l i d a t i n g  binder and mix ture  t e s t s  f o r  
r u t t i n g  and fa t i gue  cracking. Each pavement had a length  o f  44 m ,  a width 
o f  4 m, and was d iv ided i n t o  four t e s t  s ~ t e s .  The pavements were t o  be tes ted  
by the  FHWA Accelerated Loading Faci 1 i t y  (ALF) , which i s  a f u l l - s c a l e  pave- 
ment t e s t i n g  machine t h a t  appl les one-hal f  o f  a s ing le  rear  t ruck  ax le  load.  
Figure 1 shows a layout  o f  the  pavements, designated as lanes 1 through 12. 
The experimental p lan  i s  shown 7n t a b l e  1. 

The object ives o f  the r u t t ~ n g  study were t o :  

* Val idate the  Superpave b ~ n d e r  parameter f o r  r u t t i n g ,  G-k/sind, using 
ALF pavement performance, 

s Val idate labora tory  mixture t e s t s  f o r  ru t t2ng when operated dccordlng 
t o  standardized or  custoinary procedures using ALF pavement performance. 

0 Compare rankings based on the Superpave D ~ n d e r  parameter f o r  r u t t i n g  
t o  rankings provided by the  laboratory mixture t e s t s  f o r  r u t t i n g ,  

e Determine the  e f f e c t s  o f  nominal maximum aggregate s l r e  on r u t t i n g  
s u s c e p t ~ b i l ~ t y ,  and, 

e Determ-ine ~f the  in f luence o f  binder grade (high-temperature performance 
grdde) on r u t t i n g  suscept? bl7 i t y  decreases w-i t h  an  i ricrease i n  noml rla l 
maxlrnum aggregate s i ze  and the associ ated decrease 1 n optimum b i  ndcr 
content.  

The object ives o f  the  fa t i gue  cracking study 'were t o :  

0 Val i da te  the  Superpave binder parameter f o r  f a t i g u e  cracking,  namely, 
G*sind, using ALF pavement performance, 

e Determine the  e f f e c t  o f  asphalt pavement layer  thickness on fa t i gue  
cracking suscepti b~ l i t y  , i n c l  u d ~ n g  the  hypothesis t h a t :  (1) when the  
t e n s i l e  s t r a i n  a t  the  bottom o f  an asphalt  pavement layer  i s  r e l a t ~ v e l y  
h igh,  a b ~ n d e r  w ~ t h  a low s t i f f n e s s  w i l l  p r o v ~ d e  a lower s u s c e p t l b ~ l i t y  
t o  f a t i gue  cracking than a b ~ n d e r  w i t h  a high s t ~ f f n e s s ,  and (2) when 
the  t e n s i l e  s t r a i n  a t  the  bottom o f  a n  asphalt pavement l aye r  i s  r e l a -  
t i v e l y  low, the  reverse i s  t r u e .  a b ~ r i d e r  wlth a high s t i f f n e s s  w i l l  
p r o v ~ d e  a lower susccpti b i  1 ~ t y  to f a t ~ g u e  cracking than a binder w ~ t h  
a low s t i f f n e s s  



Val idate laboratory mlxture t e s t s  f o r  f a t i gue  cracking us ing ALF 
pavement performance, and, 

Compare rankings based on G*sind t o  rankings provided by the  laboratory 
, mixture t e s t s .  

The object  ~ v e  o f  t h ~ s  repo r t  i s  t o  document t he  asphalt  mixture designs, 
qual i t y  cont ro l  and qual i t y  assurance tes ts  f o r  t h e  asphalt  pavement l aye r .  
and other asphalt  binder and mixture t e s t s  performed a t  t he  t ime o f  
construct ion.  

2. Marshal 1 Mixture Designs 

Marshal f mixture des~gns were performed by the  paving con t rac to r ,  
and v e r i f i e d  I n  t h e  Federal H~ghway Adminis t rat ion 's  (FHWA) Bituminous 
Mixtures Laboratory 1 ocated a t  t he  Turner-Fai rbank Highway Research Center 
(TFliRC) . F ive surface mixtures were designed t o  meet the  1991 V ~ r g i n i a  
Department of Transportat ion i V D O T )  s p e c  f ~ c a t i o n  f o r  SM-3B mixtures.  ") 

Two base mixtures were designed t o  meet a m o d i f ~ c a t i o n  o f  t he  1991 VDOT 
s p e c i f i c a t i o n  f o r  BM-3 mlxtures Both s p e c ~ f i c a t i o n s  were f o r  mixtures 
t h a t  would be subjected t o  heavy t r a f f i c  All  mixtures inc luded 1-percent 
hydrated 1 ]me t o  reduce the  possl b7 11 t y  o f  moisture damage occur r ing  dur ing 
the  p r o j e c t .  No reclaimed asphalt pavement mater i  a1 s were 1 nc l  uded A1 1 
b ~ n d e r ,  aggregate, dnd mixture tes ts  were performed acco rd~ng  t o  American 
Assoc-iat~on o f  State Highway and r ranspor ta t lon  O f f i c i  a1 s (AASHTO) t es t  
methods . "' 

Design c r i t e r i a  f o r  the  SM-3B surface mixtures were as fo l l ows :  

75 blows per s ide using a 4 536-kg hammer. 
Specimen diameter o f  101.6 mm and thickness o f  63.5 mm. 

e 3ptimum binder content a t  4-percent t o t a l  a i r  voids 
r Minimum s t a b i l i t y  o f  6672 N .  

Flow between 8 and 14, except f o r  the S t y r e l f  m ix lu re  where on ly  
a minimum f low o f  8 was requi red.  
M~nimum Voids i 1-1 the  Mlneral Aggregate (VMA) o f  14.0.  
Voids FI 1 Ted With Asphalt (VFA) between 65 and 80 percent.  

The 1991 VDOT s p e c ? f ~ c a t i o n  d i d  not use the  Marshal1 method f o r  designing 
BM 3 base mixtures.  Design gradat ion ranges and a rn-rnimurn binder. content o f  
4 4 percent by mixture mass were s p e c ~ f i e d .  Typ i ca l l y ,  a 4.5-percent h ~ n d e r  
content was used. i n  t h ~ s  p r o j e c t .  Marshall t e s t i n g  w i t h  the  fo l l ow ing  design 
c r ~ t e r i a  was s u b s t ~ t u t e d  f o r  the VDOT specification by the  FHWA: 

8 112 blows per s ide us ing a 10 21-kg hammer. 
e Speclmen dlameter o f  152 4 mm and th~ckness  o f  95 3 mm. 

Opt~mum b ~ n d e r  content a t  3-percent air voids.  
6 Minimum s t a b - i l i t y  o f  6672 N I 



Flow between 8 and 14. 
Minimum VMA o f  12.0. 

r VFA between 65 and 80 percent.  

.' Tables 2 and 3 present the  proper t ies  o f  the  i nd i v idua l  aggregates, 
p roper t ies  o f  the  aggregate blends, the  design ranges, and t h e  process ranges 
f o r  p l a n t  product ion. The nominal maxlmum aggregate s izes  were 19.0  mm and 
37.5 mm for t he  SM-30 and BM-3 gradat ions. The No. 68 and No. 10 diabase 
coarse aggregates used i n  the  surface mixtures were from V i r g i n i a  Trap Rock, 
Leesburg, VA. The No. 357, No. 8 ,  and No. 10 diabase coarse aggregates used 
i n  the  base mixtures were from Luck Stone Corporat ion. Leesburg, VA. These 
are crushed, quarr ied aggregates from t h e  same ve in .  (The V i r g i n i a  Trap Rock 
quarry i s  c loser  t o  the  hot-mix p l a n t  used by the  paving con t rac to r ,  bu t  t h i s  
quarry d i d  not have a s tockp i l e  o f  No. 357 stone. 1 The natura l  sand was from 
t h e  S o l i t e  Corporation. Fredericksburg, VA. This sand i s  h i g h l y  angular and 
predominately quartz and quartz1 t e .  The hydrated 1 ime was from Chemston, 
Strasburg, VA. The FHMA obtained s i g n i f i c a n t l y  lower water absorpt ions f o r  
both No. 10 aggregates compared t o  the  paving cont rac tor .  

The i n i t i a l  mixture designs performed by the  paving cont rac tor  provided 
an optimum binder content o f  5 . 1  percent f o r  a1 1 f ~ v e  surface mixtures and 
an optimum binder content o f  4 . 0  percent f o r  the two base mixtures.  The 
compaction temperatures used by the paving cont rac tor  were 121, 127, 135. 
141, and 141 "C f o r  the AC-5,  AC-10, AC-20,  Novophalt, and S t y r e l f  mixtures,  
respect ive ly .  The hydrated l ime was not  inc luded i n  these designs and a 
specimen thickness o f  63.5 mrn was used when designing t h e  base mixtures,  
instead o f  95.3 inm. Furthermore, 50 blows were used t o  compact t h e  surface 
mixtures and 75 blows f o r  base mixtures. These blows were o r i g i n a l  f y speci - 
f i e d  i n  the construct ion cont rac t ,  but  the  cont rac t  was modi f led so t h a t  
the  mixtures would be designed f o r  heavy t r a f f i c .  

The paving contractor  a lso performed Amer~can Society f o r  Test ing and 
Materials (ASTM) D 4867, "E f fec t  o f  M o ~ s t u r e  on Asphalt Concrete Paving 
Mixtures" on the  seven mixtures without hydrated l lme and obtained tensi  l e  
s t rength r a t i o s  ranging from 0.74 t o  0.80.'~' Even though these r a t i o s  
~ n d i c a t e d  only  a s l i g h t  suscept ib i  1 i t y  t o  m o ~ s t u r e  damage, t h e  1-percent 
hydrated 1 ime requirement was ma1 ntained. 

The mlx designs were repeated by the  paving cont rac tor  so t h a t  they 
met t he  deslgn criteria. The designs uslng the  AC-10 and Novophalt binders 
were e l iminated because the  previous designs provided the  same optimum b i  ndcr 
contents f o r  a l l  f i v e  surface m ~ x t u r e s  and there were severe cons t ra in ts  on 
the t ime ava i lab le  t o  repeat the designs. It was assumed that. t h e  binder 
contents f o r  these mixtures could be obtained from the  b inder  contents f a r  
t he  AC-5,  AC-20, and Styr-el f  surface mixtures.  The AC-5 and S t y r e l f  binders 
had the  h ~ g h e s t  and lowest binder s t l f f nesses .  I t  was a lso  expected t h a t  the  
optimum binder contents o f  the surface mixtures would be equal . s ince they 
were equal i n  the  previous mlxture des~gns .  



Site 4' 1 
I -  - ----- - -- 

Twelve 4-rn-wide Lanes - -- - '. 

Figure 1. Layout o f  the t e s t  lanes a t  the 
FHWA Pavement Tes t ing  Fac-il i ty. 





Table 2. Aggregate propert ies and b l e n d s  f o r  the SM-3% surface mixtures. 

Aggregate Gradations, Percent Passing 

Sieve 56% 21% 22% 1% 
S i  zc No. 68 No. 10 Natural Hydrated Design Job-Mix Process 
(mm) D i  abase D i  abase Sand L i me Ra nge Blend Range 

25.0 100.0 100 100.0 100 
19.0 99.4 97-100 99.7 92-100 
12.5 60.0 72-86 77.6 73-83 
9.5 29.7 100.0 100.0 - - - 60.6 - - -  

4.75 6.4 99 0 98.2 40 - 58 47.0 40-54 
2 36 2.1 78.0 90.5 - - - 38.5 - - - 

0.600 1.7 40.0 40.0 14-24 19.1 15-23 
0.300 1.6 30.0 13.8 - - - 11.0 - - -  

0.150 1.4 20.0 3.8 - - -  6.8 - - -  

0.075 1.1 13.6 1.9 100.0 3 - 6 4.9 3-7 

Spec i f i c  Grav: t i e s  and Percent Absorp t~on (Pavl ng Contractor 1 : 

Bulk Dry 2.945 2.876 2.563 2.830 
BulkSSD 2.983 2.978 2.579 2.874 
Apparent 3.063 3.207 2.606 2.300 2.967 

% Abs 1.3 3.6 0.6 1.6 

Spec i f i c  G r a v ~ t i e s  and Percent Absorption CFHWA) . 

Bulk Dry 2.943 2.929 2.565 2.840 
B u l k S S D  2.962 2 958 2.601 2.865 
Apparent 2 999 3.016 2.659 2 300 2.912 

% Abs 0 6 1 0  14 0.9 

Bulk Dry = Bulk-Dry Spec i f l c  Grav3t.y. 
B u l k  SSD = B u l  k-Saturated-Surface-Dry Spec1 f i c  Grdvi t y .  
Apparent = Apparent Spec1 f i c  Gravi ty  . 

% Abs = Percent Water Absorption 



Table 3. Aggregate proper t ies  and blends f o r  BM-3 base mixtures. 

Aggregate Gradations, Percent Pass~ng 

S i eve 46% 16% 23% 1 4% 1 % 
Size No. 357 No. 8 No. 10 Natural Hydrated Design Job-Mix Process 
(mm Diabase Diabase Diabase Sand Lime Range Blend Range 

50.0 100 .O 100 100.0 100 
37.5 98.7 97-100 99.4 90-100 
25.0 67.5 80-92 85.1 80-90 
19.0 42.0 - - - 73.3 - - -  
12.5 21.0 100.0 60-74 63.7 59-69 
9.5 13.5 89.0 1000 100.0 - -  - 58:4 - - -  

4.75 2.2 25.0 98.0 98.2 40-52 42.2 35-49 
2.36 1.3 4.0 73.0 90.5 - - -  31.7 - - -  

0.600 1.0 2.5 39.0 40.0 14-24 165 13-21 
0.300 0.8 2.0 27.0 13.8 . - -  9.7 - - -  

0.150 0.6 1.7 18.0 3.8 - - -  6.2 - - -  
0.075 0.4 1.4 13.6 1 9 100.0 3 - 6 4.8 3-7 

Spec1 f i c  Grav i t ies  and Percent Absorption (Pav l  ng Contractor) : 

Bu lkDry  2.997 2.989 2.883 2.563 2.892 
BulkSSD 3.012 3.001 2.965 2.579 2.922 
Apparent 3.048 ' 3.051 3.140 2.606 2.300 2.988 

% Abs 0 . 5  0.7 2.8  0.6 1.1 

S p e c ~ f ~ c  Gram t ~ e s  and Percent Absorpt ion (FHWA) : 

BuIkDry  2.971 2.956 2.929 2.565 2.886 
Bulk SSD 2.984 2.981 2.958 2.601 2.909 
Apparent 3.013 3.030 3,016 2.659 2.300 2.952 

% Abs 0.5 0.8 1.0 1.4 0.8 

Bulk Dry = Bulk-Dry Spec i f i c  Gravity. 
Bulk SSD = Bul k-Saturated-Surface-Dry S p e c i f ~ c  Grav i ty .  
Apparent = Apparent Spect f i c  Gravi ty  . 

% Abs = Percent 'dater Absorption. 



As shown i n  t a b l e  4, t he  paving cont rac tor  obtained an optimum b ~ n d e r  
content o f  4.9 percent f o r  the  th ree  surface mixtures and an optimum b ~ n d e r  
content o f  4.0 percent f o r  the  two base mixtures.  The mix ture  designs per -  
formed by the  FHWA ind ica ted  t h a t  t he  4.9-percent b inder  content would no t  
prov ide 4.0-percent a i r  voids i n  the  surface mixtures us ing t h e  compaction 
temperatures given i n  t d b l e  4 .  I n  order t o  ob ta in  4.0-percent a i r  vo i ds ,  t he  
S t y r e l f  mixture would requ i re  more b ~ ~ d e r  than t h e  A C - 5  and AC-20 mixtures.  
Add i t iona l  specimens us ing 4.9-percent binder were compacted by the  FHWA, but  
the same d ~ f f e r e n c e s  i n  a i r  voids were obtained. I t  was decided t o  use the  
4.9-percent b inder  content recommended by the  paving cont rac tor  because us ing 
the same binder content i n  a? 1 surface mixtures was b e n e f i c i a l  t o  t he  study. 
The e f f e c t s  o f  binder type on performance would no t  be confounded w~ t h  b inder  
content .  The 4.9-percent binder content d i d  prov ide a l r  volds w i t h i n  the  
t y p ~ c a l  ly  s p e c ~ f i e d  range o f  3 t o  5 percent using the  FHWA rnlxture d e s ~ g n  
data. A 4.0-percent b inder  content was approved f o r  the  base mixtures.  

A1 l Marshal 1 s tab i  1 ~ t i e s ,  f lows,  VMA's, and VFA's met s p e c i f ~ c a t i o n s .  
The f l ow  f o r  t he  S t y r e l f  mixture was h ~ g h e r  than f o r  t h e  o ther  two surface 
mixtures.  Thls was t y p l c a l  o f  S t y r e l f  m ~ x t u r e s .  T h e o r e t ~ c a l l y ,  t he  use o f  
the  l a rge r  Marshall specimen increases the  s t a b ~ l i t y  by a f a c t o r  o f  2.25 and 
the  f low by a f a c t o r  o f  1.5 f o r  a given mixture.  Even though t h e  surface and 
base mlxtures were o f  d ~ f f e r e n t  compos~t ion,  higher s t a b i  l i t ~ e s  and s l i g h t l y  
higher f lows were expected f o r  the  base mixtures.  The FHWA data f o r  the  two 
base mlxtures are c loser  t o  whdt was expected than the  data provided by the  
paving cont rac tor .  The deslgns submitted by the  paving cont rac tor  were 
accepted, a1 though these discrepanci es were no t  reso? ved. 

3 .  Pavement Construct ion 

The pavements were constrincted by the  paving cont rac tor  from October 4 
t o  October 15, 1993. The sequence used t o  pave t h e  lanes i s  shown i n  t a b l e  5 .  
Pav~ng s t a r t e d  w i t h  lane 3 because lanes 1 and 2 had crushed aggregate base 
layers  t h a t  were 101.6 rnm higher i n  e leva t ion  than the  other  lanes. A t h i n  
tack coat o f  CRS-1 emulsion, obtained From Superlor Emulsions, Centrev11 l e ,  
VA, was appl-red between 11 f t s .  Th7s p r a c t ~ c e  i s  used 'in VDOT t o  promote 
bond7 ng between 7 I f t s  . 

Weather data were obtained from an o n - s i t e  automatic weather s t a t i o n .  
The temperature, r c l a t ~ v e  humidity , and r a i n f a l l  dur ing paving i n  increments 
of 1 h were stored i n  a computer f ~ l e .  Paving occurred from 8:00 a.m. t o  
5:00 p.m. The average temperature dur-rng paving was 15.8 "C. The rninlmum 
and max.rmum temperatures durrng pavlng were 0 .8  "C and 27.6 "0. The r e l a t i v e  
humidity dur ing  pavlng var led from 32 t o  100 percent .  

The paving cont rac tor  produced the mixtures i n  a batch p l a n t  manufactured 
by the  Cedar Rapids Company. The batch p l a n t  kas located i n  I-eesburg, VA 
The p lan t  had a f ~ v e - b i n  co ld  feed, a ~81.4-Mg heated hot-mix storage s ~ l o ,  



a 120-m3 binder  storage tank, and a 90.7-Mg storage s i l o  f o r  hydrated l ime.  
The hydrated 1 ime was added t o  the  damp aggregate on the  c o l d  feed b e l t .  
The p l a n t  had a 181.4-Mg/h maximum capaci ty .  The pug m i l l  had a capaci ty  of 
4 .5  Mg. The ta rge t  rnixlng temperature was 138 "C. A heated storage s i l o  
was not  used on t h i s  p r o j e c t ;  t he  mixtures were dropped d i r e c t l y  i n t o  e i t h e r  
an end dump t ruck  having a capaci ty  o f  approximately 14.5 Mg o r  a l i v e  bottom 
t ruck  ( f l ow  boy) having a capaci ty  o f  approximately 22.7 Mg. The 50.8-mm 
l i f t s  o f  surface mixture requi red approximately 22 Mg o f  m a t e r i a l ,  wh i l e  t he  
101.6-mm l i f t s  o f  base mixture requi red approximately 45 Mg o f  ma te r i a l .  

The AC-20 asphalt  was placed i n  the  h o t - m ~ x  p l a n t ' s  asphal t  b inder  storage 
tank.  The AC-5, AC-10, and S t y r e l f  binders were stored i n  t he  tank t rucks  
used t o  t ranspor t  the  binders from Pettys Is land,  NJ. t o  the  hot-mix p lan t .  
These t rucks  had capac i t ies  o f  20.8 t o  22.7 rn" Storage temperatures ranged 
from 149 t o  163 "C. The Novophalt blnder was ~ n - l i n e  blended w i t h  the  AC-10 
a t  t he  hot -mix p l a n t .  

The haul ing distance from the  batch p l a n t  t o  t he  cons t ruc t ion  s i t e  
was approximately 40 km. The temperature o f  the  mix ture  i n  each t ruck  was 
measured before i t  was dumped i n t o  the  paver. These temperatures ranged 
from 138 t o  150 "C and averaged 143 "C. The paver was a Blaw-Knox PF-200 
weighing approximately 13.6 Mg. The r o l l e r  was a Blaw-Knox SR-55 we igh~ng 
approximately 5 . 9  Mg. The number o f  r o l l e r  passes was 6 t o  8 per l i f t .  

4. Q u a l i t y  Control  and Qua1 i t y  Assurance Test ing 

Qua1 1 t y  cont ro l  and qua1 i t y  assurance t e s t i n g  consisted o f  measuring 
binder p roper t ies  dur ing  cons t ruc t ion ;  determining t h e  gradat ions and binder 
contents o f  t he  p l a n t  -produced mixtures ; performing analyses on compacted 
pl ant-produced mixtures; and measuring i n-p l  ace dens i t i es ,  thicknesses, and 
a i r  v o ~ d s .  

a. Binder Propert ies 

The fo l l ow ing  three t e s t s  were performed on t h e  f i v e  binders t o  v e r i f y  
t h a t  they had not  been csntami nated dur ing  t ranspor t  o r  excess; ve ly  hardened 
dur ing storage a t  the hot-mix p l a n t :  

B rook f i e ld  v i s c o s i t y  a t  135 " C .  
+ ~ * / s i n d  a t  20 "C and 10 rad/s using a Dynamic Shear Rheometer (DSR) 

Computerized In f ra red  (IR) Analysis . 

The I R  technique was used t o  rnon~tor  the  f u n c t ~ o n a l  groups (chemistry) 
of the binders . The B r o o ~ f i e l  d VI scosi t i e s  were determined a t  t he  Superpave- 
spec i f ied  temperature o f  135 "C and the  ~ * / s ~ n d  a t  20 "C i n  order t o  monitor 
rheological  p r o p e r t ~ e s  a t  both h ~ g h  and ~ n t c r m e d l a t e  temperatures. A f  7 tests 
were performed on unaged b~ nder samples . 



Table 4. Marshall mixture design properties. 

Optimum 
, Binder. A1 r 

01 nder Content Stability Flow V o ~ d s  VMA V FA 
Mix Type Type (%) MSG (N) (0 .25 mm) (%)  (%) ( % >  

Paving Contractor  

Surface AC-5 4.90 2.650 9 9 4 1  10.3 4 . 0  14.5 72.4 
Surface AC-20 4.90 2.647 1 2 7 9 7  11.2 4 .0  14 .6  72.6 
Surface S t y r e l f  4.90 2.653 13 059 13.8 4 .0  14 .3  72 .7  
Base AC-5 4.00 2.730 13 166 10.5 4 .0  13.4 71.6 
Rase AC-20 4.00 2.727 13 464 1 0 . 9  4 .0  13.6 71 .3  

Federal Highway Admin i s t r a t i on  ( V e r i f i c a t i o n  Tests)  

Surface AC-5 4.90 2.643 1 0 1 0 2  11.2 3 . 2  14 .5  78.0 
Surface AC-20 4.90 2.647 1 1 6 4 0  1 2 . 3  3 . 4  34.6 76.4 
Surface S t y r e l f  4.90 2.645 12 993 17.8  4 .8  15 .8  69.9 
Base AC - 5 4.00 2.718 2 3 2 0 5  14 .8  3 .6  1 70.7 
Base AC - 20 4.00 2.713 2 9 2 3 4  15.8 3 .7  13 .2  72.4 

Marshal 1 Design Blows: 

Surface = 75 
Base = 112 

Compact i o n  Temperatures : 

AC-5 = 121 "C 
AC-20 = 135 "C 
S t y r e l  f - 141 "C 

MSG = Maximum S p e c ~ f i c  G rav l t y  o f  t h e  Mixture. 
VMA = Voids i n  t h e  Minera l  Aggregate. 
VFA = Voids F i l l e d  With Aspha l t .  



Table 5. P I  acement o f  1 i f t s .  

Date Lane i i  ft Binder 
- -- - 
1014 3 1 AC - 5 
1014 4 1 AC - 20 
1015 5 1 AC-10 
1015 6 I AC - 20 
10/5 7 1 Styrel f 
1015 8 1 Novophd 1 t 
10/6 9 1 AC-5 
1016 10 1 AC-20 
1017 1 1 AC - 5 
10/7 2 1 AC - 20 
1017 11 1 AC - 5 
1017 12 1 AC-20 . 

1018 3 2 AC - 5 
1018 4 2 AC-20 
l o / %  5 2 AC-10 
101% 6 2 AC-20 
1018 9 2 AC-5 
1018 10 2 AC-- 20 
1019 7 2 Styrel f 
1019 8 2 Novophal t 
1019 3 3 AC-5 
l 0 / q  4 3 AC - 20 
10111 5 3 AC - 10 
10111 6 3 AC - 20 
10/11 9 3 AC- 5 
101'11 10 3 AC -20 
10111 I. 2 AC - 5 
10111 2 2 AC-20 
10J13 7 3 Styrel f 
10113 8 3 Novophal t 
101 13 3 4 AC-5 
101 13 4 4 AC - 20 
10/13 5 4 AC-10 
10113 6 4 AC - 20 
10114 7 4 Styrel f 
10/ 14 8 4 Novophal t 
1011.4 9 4 AC-5 
10114 10 4 AC - 20 
1011.5 11 2 AC - 5 
10/15 12 2 AC-20 

Note: Lanes 1 and 2 had two 50.8-rnm l i f t s .  Lanes 11 and 
12 had two 101.6-mm l~fts. Lanes 3 through 10 had 
four  50 8-mm 1 7  f t s  . 



The f o l  lowing samples were tested:  

6 Five binders used i n  the  mixture designs. 
Four binders sampled a t  the  termlnal  a t  Pettys I s l and ,  NJ, when 
t h e  b inder  tank t rucks  were loaded. 
These same four b ~ n d e r s  upon t h e i r  a r r i v a l  a t  the  hot-mix p l a n t  
t n  Leesburg, VA. 
Samp les obtained dur ing construct  ion .  

The four  binders sampled a t  the  terminal and a t  t he  hot-mix p lan t  d i d  
not  inc lude the  Novophalt b inder .  The polyethylene used I n  t h e  Novophalt 
process was blended w i t h  the  AC-10  a t  the  hot-mix p l a n t .  The other  four  
blnders were sampled a t  both l o c a t ~ o n s  t o  v e r i f y  t h a t  they had not  been 
contaminated dur ing t ranspor t .  Samples a t  the terminal  were taken by Koch 
Mater ia ls  Company. Samples a t  t h e  hot-mix p l a n t  were taken by the  paving 
cont rac tor .  Samples were a lso tes ted  dur ing cons t ruc t ion  each t ime a binder 
was used. The S t y r e l f  binder was used immediately a f t e r  being shipped t o  
the  hot-mix p l a n t .  Therefore, t he  data f o r  the  f i r s t  day o f  cons t ruc t ion  
a lso represents the  data upon a r r i v a l  a t  the  hot-mix p l a n t .  

The B rook f -~e id  v i s c o s i t ~ e s  and 6* /s ind3s  are g iven i n  t a b l e  6 .  BotP 
t e s t s  ~ n d ~ c a t e d  t h a t  t he  AC-5 asphalt  was sl3ghtl.y s t i f f e r  on the  l a s t  day 
o f  cons t ruc t ion .  This sample o f  b ~ n d e r  was used i n  the  upper h a l f  o f  lane I1 
I t  i s  expected t h a t  the  ma jo r i t y  o f  the  r u t t l n g  w i l l  occur I n  t he  upper h a l f  
o f  the  pavement. Thus, t h i s  increase i n  s t i f f n e s s  w~ 11  have t o  be v e r i f ~ e d  
and, i f  necessary, taken i n t o  account when analyzing t h e  pavement performance 
data. No other  binder hardened t o  any s i g n ~ f i c a n t  degree over t ~ m e ,  and none 
of t he  binders had been contam7nated wi th  fo re lgn  mdter ia ls  accordlrlg t o  the  
I R  data. (The TR data were extensive and were stored i n  a computer T i l e ;  
these data are no t  ~ n c l u d e d  i n  t h ~ s  repor t .  

Both t e s t  measurements indicated t h a t  t he  S t y r e l f  b ~ n d e r  sampled a t  the 
terminal was s t l f f e r  than the sdmple used when designing the  mix ture .  This 
could be expected because these samples came from d i f f e r e n t  batches o f  m0d-1- 
f l e d  b inder .  The samples tes ted  dur ing cons t ruc t ion  were a lso  s t i f f e r  than 
the  sample used when des~gn ing  the  mlxture,  but  not as s t i f f  as the terminal 
sample. A reason f o r  the differences between the  term-~nal  sample and the  
samples taken dur ing c o n s t r u c t ~ o n  was not apparent. The AC-20 asphalt  was 
always used before S t y r e l f  Whether any samples o f  the  S t y r e l f  binder were 
contaminated w ~ t h  AC-20 aspha7 t could not  be determined, although the  data 
d ~ d  not  show t h a t  contarnr na t ion  occurred. 

The Novophal t b ~ n d e r  provlded the 1 owest Brookf i  e l d  v I scos i t y  and highest 
~* /s i r . iS  on October 13 A reason f o r  these r e s u l t s  was ! lot  apparent. S ty re l  f 
was a1 ways used before Novophal t . Contarni na t  I on w ~ t  h  Styre? f woul d have pro-  
v  rded the  o p p o s ~ t e  t rend The high v a r l a b ~  1 ~ t y  shown by some o f  t he  data 
could  not be explained. 



The paving cont rac tor  a lso  de l ivered 0 . 6  d o f  each b inder  t o  t h e  TFHRC 
B i  tuminous Mixtures Laboratory a t  t he  end o f  cons t ruc t ion .  These binders 
were t o  be used fo r  preparing mixtures needed f o r  labora tory  t e s t s .  The 
pre-Superpave AASHTO binder t e s t s  were performed on these binders . "' The 

, data are shown i n  t a b l e  7 .  The rdnking o f  the binders according t o  both 
unaged and aged absolute v l s c o s i t ~ e s  a t  60 "C, from lowest t o  h ighes t ,  was 
AC-5, AC-10, AC-20, Novophalt, and S t y r e l f .  As expected, the  order was 
reversed based on t h e  penetrat ions a t  25 "C, except t h a t  t h e  penetrat ions 
o f  t he  Novophalt and S t y r e l f  binders were no t  s i g n i f i c a n t l y  d i f f e r e n t  a t  a 
%-percent confidence 1 eve1 . The sol  ubi 1 i ty  o f  t he  Novophal t binder  was on ly  
95.92 percent because polyethylene i s  not  so? uble i n  t r i ch lo roe thy lene  and 
most o f  the  polyethylene cannot pass through the  g lass f i l t e r  pad used i n  t h e  
t e s t ,  (Technical Note: The absolute v i s c o s i t i e s  o f  t h e  modi f ied binders may 
no t  be co r rec t .  ASTM D 2171 IS v a l ~ d  f a r  Newtonian flow, but  many modi f ied 
binders e x h i b i t  non-Newtonian f l ow  a t  60 "C. One reason f o r  t h e  development 
o f  new binder t e s t s  and s p e c i f i c a t ~ o n s  was t o  e f f e c t i v e l y  account f o r  var ious 
types o f  b inder  rheology. A t  the  t ime o f  cons t ruc t ion ,  t h e  paving i ndus t r y  
recommended using ASTM D 4957 f o r  modi f ied binders , bu t  t h e  FHWA d i d  no t  have 
the  viscometer requi  red f o r  t h ~ s  method. ) 

Sdmples o f  t he  binders taken dur ing the  f i  r s t  few days o f  cons t ruc t ion  
and a t  t he  end o f  cons t ruc t ion  were tes ted  us1 ng the  Superpave b-inder tes ts  
t o  f u r t h e r  i nves t i ga te  whether dny o f  the  f i  ve b1 nders excessi ve ly  hardened 
dur ing storage. The samples representing the  end o f  construction were taken 
from the  0.6-mJ asphal t  binder shipments de l ivered a t  the  end o f  cons t ruc t ion .  
Both h igh-  and low-temperature propert1 es were measured. These data are shown 
i n  the  middle o f  t a b l e  7 .  The high-temperature continuous grade i s  t he  tem- 
perature a t  a Gk/sind o f  1 .00 kPa using unaged b inder .  The low-temperature 
continuous grade i s  the  temperature a t  an m-value o f  0 . 3 0  a f t e r  aging i n  a 
R o l l i n g  T h ~ n - F i  l m  Oven and Pressure Aging Vessel . These are the  two extreme 
leve l s  o f  aging used by Superpave t o  t e s t  b inders.  An independent labor- 
a to ry ,  designated as Lab A ,  tes ted  both conditions. The-ir data suggests 
t h a t ,  poss ib ly .  t h e  AC-5 aged s l i g h t l ~ .  The t a b l e  a lso  inc ludes FHWA data 
measured us ing samples from the  0.6-m shipments. and data measured by another 
~ndependent labora tory ,  Lab B , us] ng samples ca l  l ec ted  dur ing  cons t ruc t ion .  
Overal l ,  the  data show t h a t  t he  d i f ferences from 7 aboratory t o  1 aboratory 
were greater  than the  d i f fe rences from the  s t a r t  t o  the  end o f  cons t ruc t ion .  

As shown a t  t he  bottom o f  t a b l e  6, the two Superpave t e s t s  ranked Novo- 
pha7t and S t y r e l f  d i f f e r e n t l y .  The Brookf i e l d  v i s c o s i t i e s  a t  135 "C ranked 
these two binders the  same as the  absolute and kinematic v i s c o s i t i e s  i n  
t a b l e  7 .  S t y r e l f  had the higher values. Howeker. S t y r e l f  had a lower ~ * / s i n d  
a t  20 "C compared t o  Novophalt. This ~ n d i c a t e d  t h a t  S t y r e l f  had a lower 
temperature suscept i  b1 1 ~ t y  . 

The Superpave performance grades f o r  the  binders are inc luded a t  t h e  
bottom o f  t a b l e  7 .  These grades were determined us ing the  standard Dynamic 
Shear Rheometer frequency o f  10 rad/s  However. t h e  Superpave b inder  t e s t s  
t o  be performed i n  t h i s  study will account f o r  the  temperature and frequency 
used by the  various laboratory mixture t e s t s  and the ALF pavement t e s t s .  



Table 6. Qua1 i t y  control test results fo r  the binders. 

Brook f i  el d DS R 
, V i s c o s i t y  , ~ * / s i  nd, 

Da te  135 "C 20 "C 
Binder Used (rnPa - s  (MPa 1 

AC - 5 Desi gn 222 0.2394 
Termi n a l  227 0.2289 
Hot -Mix  P l  ant  221 0.2279 
10104193 240 0.2861 
10/05/93 250 0.3235 
10107193 260 0.3376 
10/07/93 242 0.3177 
10/08/93 245 0.3060 
10109193 252 0.3122 
10/11/93 242 0.3371 
10/13/93 265 0.3543 
10114193 297 0.3592 
10115193 332 0.5002 

Des i gn 
Terrni na l  
Hot -Mix P l  a n t  
10/95193 
10/08193 
10111193 
10113193 

Design 430 1.4382 
Term? na 1 380 1.0265 
Hot -Mix P l ant 392 1.0746 
10/04/93 455 1.2415 
10105193 437 1,3467 
10/06193 450 1.2504 
10/07/93 429 1.2925 
10/08/93 467 1.3698 
10/09/93 460 1.3026 
1Oi11193 450 1.3030 
?0/13/93 445 1.2569 
10114193 390 0.8531 
1 0 / i 5 / 9 3  442 I ,2002 

- 



Table 6. Qual i ty  control tes t  resul ts for  the binders (continued). 

Brookf i  el d DS R 
V iscos i ty  , ~ " / s i n d ,  

Date 135 "C 20 "C 
Binder Used (rnPa-s> ( MPa 1 

Novophal t Des i gn 2017 
10/05/93 1782 

S ty re l  f Des i gn 
Termi na 1 
10/05/93 
10/09/93 
10/13/93 
10/14/93 

Average Data During Construction 

AC-5 262 0.3434 
AC-10 29 1 0.5978 
AC - 20 442 1.2417 
Novophal t 1882 2.0270 
Sty re l  f 2444 1.6380 

Average Data During Construction by Lane 

AC-5, Lane 1 
AC-5, Lane 3 
AC-5, Lane 9 
AC-5, iane 11 

AC-10, Lane 5 

AC-20, Lane 2 
AC-20, iane 4 
AC-20, Lane 6 
AC-20, Lane 10 
AC-20, Lane 12 

Novophal t ,  iane 8 

Sty re1 f ,  Lane 7 2444 1.6380 



I 

Table 7 .  Physical properties o f  t h e  binders. 

Nova - 
V-I r g i  n Binder AC-5 AC-iO AC-20 p h a i t  S ty re l  f 

Penetrat ion, 25 "C ,  0 . 1  rnm 172 113 73 54 47 
Absolute V iscos i ty ,  60 "C, dPa-s 665 1 195 2 644 13 814 60 308 
Kinematic V ~ s c o s i t y ,  I35 "C, m m 2 k  256 322 476 2 1 8 4  2 4 8 4  
Spec i f i c  Grav i ty ,  25/25 "C 1.007 1.024 1.022 1.022 1.020 
Soil ibi l i t y  i n  Trrchloroethy lene,  % 100.00 lOO.00 100.00 95.92 700.00 
Flash Po in t ,  COC, "C 304 304 304 326 312 

Thin - F i  l m Oven Test Residue 
-- - 

Weight Loss. % 
Penetratron, 25 "C, 0 . 1  mni 
Absolute V iscos i ty ,  60 "C, dPd-s 
Kinematic Viscos7ty, 135 "C, mm2/s 

- 

Cont?nuous Grade (Lab A ,  S t a r t )  
Contlnuaus Grade (Lab A ,  End) 
Continuous Grade (FHWA, End) 
Continuous Grade (Lab B ,  Middle) 

S t a r t  = samples obtained dur ing the  f ~ r s t  days o f  cons t ruc t ion  
End = samples obtained a t  the  end o f  c o n s t r u c t ~ o n .  

Middle = samples obtained dur ing t h e  middle  o f  cons t ruc t ion .  

PerfarmanceGrade(Des1gnSarnptes1 52-34 58-28 64-22 70-22 76-28 
Performance Grade (Bulk Sampi es 1 58-34 58-28 64-22 76-22 82-22 



b. Aggregate Gradations and Binder Contents 

Two samples of each mixture per l-tft were taken dur ing cons t ruc t ion  f o r  
q u a l i t y  cont ro l  and qua1 i t y  assurance t e s t i n g .  One sample was representat ive 
o f  the mixture a t  s i t e s  1 and 2 ;  the  other  was representa t ive  o f  t he  mixture 
a t  s i t e s  3 and 4 .  The samples were obtalned by t h e  paving cont rac tor  from 
d i f f e r e n t  loca t ions  i n  the t ruck  before the  mixture was dumped i n t o  the  paver. 
Each sample was s p l i t  by quar ter ing.  H a l f  o f  the sample was used by the  
paving contractor  t o  perform q u a l i t y  cont ro l  t e s t i n g .  The other  ha1 f was 
used by the  FHWA Eastern Federal Lands Highway D i v i s i o n  (EFLHD) f o r  q u a l i t y  
assurance t e s t i n g .  The r e f l u x  method o f  ex t rac t i on  was used t o  determine the  
binder contents and t o  recover the aggregates. Maximum spec1 f i c  g r a v i t ~ e s  
were a lso measured. Addi t ional  samples o f  the loose m ~ x t u r e s  were taken by 
the  TFHRC Bituminous Mixtures Laboratory a t  the same ttme. 

The paving contractor  tes ted  both samples taken from each l i f t .  This pro-  
vided e igh t  sets o f  data f o r  lanes 3 through 10,  s ince these lanes consisted 
o f  four  l i f t s .  Only four  samples were obtained from lanes 1, 2, 11, and 12, 
since these lanes consisted o f  two l i f t s .  A t o t a l  o f  80 sets o f  data were 
analyzed. (The paving contractor  a c t u a l l y  performed the  t e s t s  f o r  lanes 1, 
2, 11, and 12 i n  dup l ica te ,  thereby performing 96 sets o f  t e s t s .  ) One sample 
per lane was tes ted  by EFLHD on a random bas is .  

The average gradations and binder contents provided by the  pavlng 
contractor  are given t n  tab les  8 and 9 .  Based on the  data, t he  gradat ions 
o f  the  surface mlxtures were s l i g h t l y  coarser a t  t he  middle s ieve s izes 
compared t o  the  design gradat ion. The quant i ty  o f  aggregate passing t h e  
2.36-mm sleve given by the  j o b - m ~ x  formula was 38.5 percent w h ~  l e  i t  averaged 
33 2 percent according t o  the ex t rac t ions .  The base mlxtures had s l i g h t l y  
f ~ n e r  gradations below the  12.5-mrn sieve compared t o  the  design gradat ion.  
The quant i ty  o f  aggregate passing the 4.75-mm s leve  given by t h e  job-mix 
formula was 42.2 percent,  wh? l e  ~t averaged 47.6 percent accordtng t o  the  
ex t rac t ions .  The aggregate passing the  0.075-mm sieve increased s l i g h t l y  
from 4 .8  percent t o  an average o f  5 . 6  percent.  However, a1 1 80 gradat ions 
were w t th in  the  process ranges g-iven i n  tables 2 and 3 ,  and the  average 
g rada t~ons  met w~ t h i n - 1  ane and between-1 ane vart  abi 1 i t y  requi rements . The 
complete se t  o f  aggregate gradat~ons,  binder contents,  maximum spec] f i c  
g r a v ~ t i e s ,  and the  standard d e v i a t ~ o n s  o f  these data were stored i n  a 
computer ft l e .  

A11 80 i n d ~ v i d u a  l binder contents were w i t h i n  t h e  VDOT-speci f- led to lerance 
o f  c0.60 percent,  and the  average blnder contents met t he  w i th in - l ane  and 
between-lane v a r i a b i l  i t y  requirements. The paving cont rac tor  obtained average 
b ~ n d e r  contents o f  4 .83  and 4.05 percent by t o t a l  mass o f  t h e  mixture f o r  the  
surface and base mixtures. These same averages were obtained when the  upper 
two l i f t s  were only considered. It was expected t h a t  t he  ma jo r i t y  o f  t h e  
r u t t ~ n g  would occur I n  the upper two l i f t s .  



The paving con t rac to r ' s  b inder  contents and the  m a j o r i t y  o f  t h e i r  grada- 
t i o n s  were confirmed by EFLHD's data. The paving con t rac to r ' s  data i n  t a b l e  8 
appear less  var iab le  from lane t o  lane.  One reason f o r  t h i s  i s  t h a t  t h e i r  
data are the  averages o f  e i t h e r  four  or e igh t  t e s t s .  Table 8 does show 
discrepancies f o r  lanes 3, 6, and 8,  where EFLHD obtained low amounts o f  
aggregate passing the  4 .75-  and 0.600-mm sieves. EFLHD's b inder  content f o r  
lane 8 w ~ t h  Novophal t was a lso  low. Since EFLHD only tes ted  one sample per 
lane, t h e i r  data was a lso  compared t o  the  paving con t rac to r ' s  data f o r  the  
matching s p l i t  sample (same lane, same l i f t ,  same s i t e ) .  This comparison 
ind ica ted  t h a t  the  paving cont rac tor 's  gradat ion and EFLHD's gradat ion f o r  
lane 3 were equivalent .  For lanes 6 and 8,  the  same d i f fe rences shown i n  
t a b l e  8 were obtained. 

To i n v e s t ~ g a t e  the  d ~ f f e r e n c e s ,  s i x  t e s t s  f o r  gradat ion and b inder  content 
were performed i n the  TFHRC B1 tumi nous Mixtures Laboratory us ing two samples 
from lanes 3 ,  6 ,  and 8.  Single samples from lanes 7 ,  9, and 12 were a l so  
tes ted  as add1 t l o n a l  checks on the e x t r a c t ~ o n  r e s u l t s  The data are shown 
I n  t a b l e  10. S l l g h t  differences i n  the minus 0 075-rnm s ieve contents could 
be expected because the  paving contractor  and EFLHD d i d  no t  co r rec t  t he  data 
f u r  t he  mater ia l  t h a t  passed through the  f ~ l t e r  dur ing the  ex t rac t i ons .  The 
TFHRC Bituminous Mixtures Laboratory measured t h i s  mater ia l  and corrected 
both the  dust and b inder  c o n t e ~ t s .  However, t h l s  co r rec t i on  only  decreased 
the b ~ n d e r  content and increased the ins nus 0.075-mrn content by 0 . 1  percent,  
or  l ess ,  wheri us ing the  r e f l u x  method. (Note: The cen t r i f uge  method o f  ex- 
t r a c t i o n  was used f o r  t he  ma jo r i t y  o f  the ex t rac t ions  performed by the  TFHRC 
Bituminous Mixtures Laboratory f o r  convenience, whereas t h e  pavlng contractor  
and EFLHD always used the  r e f l u x  method. ) 

The f i r s t  sample o f  surface mixture tested f o r  lanes 3, 6 ,  and 8 cor re-  
sponded t o  the sample tes ted  by EFLHD. The gradat ion f o r  lane 3 - l i f t  1 was 
equivalent t o  both the  paving con t rac to r ' s  gradat ion arid EFrLHD's g r a d a t ~ o n .  
The g rada t~ons  f o r  lane 6 - l i f t  4 and lane 8 - l i f t  4 were c lose r  t o  EFLHD's 
gradat ions. The gradat ions f o r  the other  1 1 f t s  and lanes were equal t o  t h e  
pav-r ng con t rac to r ' s  g rada t~ons  . except t h a t  the  gradat ions from the  TFHRC 
Bituminous M-rxtures Laboratory exn-r b i  t ed  more v a r i a b l l  i t y  a t  t he  0.075-rnm 
s leve.  It was concluded t h a t  there  may be more varsab l l  i t y  i n  t h e  gradations 
than ind ica ted  by the  paving con t rac to r ' s  data. 

A1 1 binder  contents were equivalent t o  the  paving cont rac tor  ' s  binder 
contents, except f o r  lane 7 The 4.4-percent b ~ n d e r  content f o r  t h i s  lane 
was low. This sample was taken from l ~ f t  3 a t  s i t e  3-4.  A d d i t ~ o n a l  ex t rac-  
t i o n s  were then performed using the sample from l i f t  3 a t  s l t e  1 - 2 ,  and both 
samples from l ~ f t  4, wh~ch  was the top  1 1 f t .  This meant t h a t  a l l  four  samples 
from the  upper two l i f t s  were tes ted  These th ree  a d d ~ t i o n a l  t e s t s  provided 
binder contents o f  5.9, 5 0 ,  and 5.1 percent.  I t  was hypothes-]zed t h a t  the 
a.4-percent b ~ n d e r  content was re la ted  t o  sarnpl~ng e r r o r .  The gradat ions o f  
a i l  four samples were the same a s  the gradat-ion shown ? n  t a b l e  I . P 



c. Analyses o f  Compacted Specimens 

The TFHRC Bituminous Mixtures Laboratory performed volumetr ic  analyses 
and s tab i f  i t y  and f l ow  t e s t s  dur ing cons t ruc t ion  t o  ob ta in  supplementary 
i tiformation on the  p l a n t  -produced mixtures . Three samples o f  each mixture 
were placed i n  an oven and compacted i n t o  Marshall specimens immediately upon 
reaching the design compact ton temperature. This amounted t o  a t o t a l  o f  
240 Marshal 1 specimens. The specimens were tes ted  f o r  bu i  k s p e c i f i c  g r a v i t y  , 
Marshall s t a b i l i t y ,  and Marshall f low.  The TFHRC Bituminous Mixtures Labor- 
a to ry  d i d  not perform maximum s p e c ~ f i c  g r a v i t y  t e s t s .  The maximum s p e c i f i c  
g r a v i t i e s  determined by the  paving cont rac tor  f o r  quai i t y  con t ro l  t e s t i n g  
were used because they were equivalent t o  those obtained dur ing  the mixture 
designs. The paving contractor  was not requi red by the  cont rac t  t o  use 
volumetr ic analyses f o r  process c o n t r o l .  

Table 11 presents the  average proper t ies  o f  the  compacted specimens. The 
binder contents and maximum s p e c i f j c  g r a v i t i e s  given i n  the f i r s t  two columns 
o f  the  t a b l e  were determined by the  paving cont rac tor .  The average air voids 
were very low. They ranged from 1 .2  t o  3 . 1  percent.  It was ant ic ipa ted  t h a t  
the  a i r  voids would be c lose t o  the  design l e v e l  o f  4 percent .  The low a i r -  
vo id l eve l s  a lso  provided h igh VFA (Voids F i l l e d  With Aspha l t ) .  The VMA's 
(Voids i n  the Mineral Aggregate) were low by an average o f  0 .8  percent f o r  the  
surface mixtures and 1 .3  percent f o r  the  base mixtures.  The Marshal 1 s t a b i l i -  
t ~ e s  and f lows were s l ~ g h t l y  h ~ g h e r  than those obtained by the  FHWA dur ing 
the  mixture designs. which are shown i n  t a b l e  4 .  The complete se t  o f  t e s t  
r e s u l t s ,  given i n  t a b l e  12,  shows t h a t  t he  data f o r  both types o f  mixtures 
had f ow v a r i a b ~  f j t i e s .  The standard deviations o f  t h e  paving con t rac to r ' s  
binder contents and maximum s p e c i f i c  g r a v i t i e s  are i n c f  uded i n  t a b l e  12. 

I t  was found t h a t  EFLHD had obtained higher maximum s p e c i f i c  g r a v ~ t i e s  
when t e s t ~ n g  the plant-produced mixtures compared t o  the paving contractor  
for  both types o f  mixtures. The d iscrepanc~es were greater  f o r  the  surface 
mixtures. Only one sample per lane was tes ted  by EFLHD, bu t  t h e i r  maximum 
spec7 f i c  g r a v ~  t i e s  were cons1 s t e n t l y  h igher .  EFLHD's max-~mum s p e c i f i c  
gravities were a1 so higher than those measured dur ing  the  mixture designs. 
The 10 maximum s p e c i f i c  g r a v i t i e s  determined by EFLHD f o r  the  surface mix- 
tu res  ranged from 2.670 t o  2.713, whereas the  paving con t rac to r ' s  data f o r  
a l l  80 samples ranged from 2.653 t o  2.667. Based upon these discrepancies, 
t he  TFHRC Bitum~nous Mixtures Laboratory tes ted  20 samples o f  surface mix ture ,  
two from each lane, and obtained data ranging from 2.675 t o  2.703. These 
data were a lso h ~ g h e r  than the  pavlng cont rac tor 's  data and the  data obtained 
dur lng t h e  mixture deslgns . 

Table 13 presents the  average proper t ies  o f  t h e  same compacted specimens 
uslng t he  maximum spec i f i c  g r a v i t i e s  determl ned by the TFHRC Bi  turn-tnous 
Mixtures Laboratory. These inaximurli s p e c i f i c  gravities increased the  a i r  
voids t o  a range o f  2 . 3  t o  4 . 1  percent.  





Tab1 e 9. Aggregate gradations (percent passing) and binder contents 
(percent by mixture mass) f o r  the BM-3 base mixtures. 

S-I eve Contractor CAvg o f  Elgh t Tests) EFLHD (Single Test)  
S i z e  Lane Number Lane Number 

A 

(mm> 11 12 Average 11 12 Average 

100.0 100.0 100.0 
85.7 85.6 85 .7  
73.0 74.8 73 .9  
64.3 65.9 65.1 
47.3 47.9 47.6 

No data obtained 
No data obtained 

17.4 17.3 17.4 
12.4 12.2 12.3 
No data o b t a ~ n e d  
5.6 5 . 5  5.6 

% Binder 4.0 4.1 4.0 4.2 4.3 4.25 

Note: Data was not  ob ta~ned  f o r  the  9.5-rnm s ieve s i z e .  



Tab1 e 10. Aggregate gradations (percent passing) and binder contents (percent 
by m-ixture mass) determined by the TFHRC Bituminotls Mixtures Laboratory. 

Surface M~xtures 
Sieve - 
S7 ze Lane 3 Lane 6 Lane 8 Lane 7 Lane 9 
(mm) L i f t 1  L 1 f t 3  L l f t 4  L i f t 2  L i f t 4  L i f t 1  L i f t 3  L i f t 3  

Base 

Lane 12 
L i f t  1 

BI nder Content, percent 

4.8 5.0 4 8 4.9 4.8 4.8 4.4 4.4 4.0 

Max~mum S p e c i f ~ c  Grav? t y  

2.678 2.677 2.695 2.676 2695 2.677 2.693 2.684 2.155 



Table 11. Summary o f  average voids analysis data using 
the paving contractor's maximum specif ic  gravi t ies .  

Bi nder Maxi mum Air 
Lane Content S p e c i f i c  Volds VMA V FA S t a b i l i t y  Flow 
Number ( X )  Gravi ty  ( % )  (%I :%I (N )  (0.25 mm) 

VMA = Voids i n  the  Mineral Aggregate. 
VFA = V o ~ d s  F i l l e d  With Aspha l t .  



Table 12. Average voids analys is  data us ing the 
pavi rig cont rac tor 's  maximum s p e c i f i c  g r a v i t i e s .  

BI nder Maxi mum A i  r 
Lane Content S p e c ~ f i c  Voids VMA V FA S t a b ]  1 i ty Flow 
Number % G r a v ~ t y  (%) (76) (SO) (N) (0 .25mm) 

Lane 1 

LIT1512 4 .8  2.657 1 . 8  14.1. 87 .2  12 641 16 
LIT1534 4 .6  2.653 2 . 9  1 5 . 1  80 .7  12 121 15 
t lT2S12 4.7 2.657 1 .9  1 4 . 1  86.5 11 378 14 
11-1-2534 4.8 2.657 1 . 8  14 .1  87 .2  11 934 15 
Average 4.7 2.659 2 .1  14.4 85.4 12 018 15 
Std Dev 0 .13  0.002 

Lane 2 

L2T1S12 4 .9  2.656 1 . 4  23.9 
L2TlS34 4.7 2.654 1 . 5  13 .9  
L2P2Si2 4 . 9  2.657 0 .6  13 .2  
L2T2S34 4 . 9  2.658 i .4 13.8 
Average 4.8 2,556 1.2 13.7 
Std Dev 0.10 0.003 

tane 3 

~ 3 r i s i 2  
L3TlS34 
L3T2S12 
13T2S34 
L3T3S12 
L3T3534 
13T4S12 
L3T4S34 
Average 
Std Dev 

: 7 = L i f t ;  S = S i t e  

MSG = Maximum S p e c i f i c  G rav i t y  o f  the Mixture 
VMA = Voids I n  t h e  Mineral Aggregate. 
VFA = V o ~ d s  F i l l e d  W ~ t h  Asphal t .  

Lanes 1 ,  3 .  9 ,  and 11 a r e  AC-5 .  
Lanes 2 ,  4. G ,  10, dnd 12 are AC-20  
Lane 5 i s  AC-10. 
Lane 7 i s  S t y r e l  f .  
tane 8 i s  Novophalt. 



Table 12. Average voids analysis data using the paving 
contractor's maximum specif ic  gravit ies (continued). 

- 
.. Binder Maximum A i  r 

Lane Content S p e c i f i c  Volds VMA V FA Stab i  1 i ty Fl  OM 
Number ( % I  Grav i t y  ( % )  (%I ( % j  (N )  (0 .25  mm) 

Lane 4 

L4TlS12 
L4T1 S34 
L4T2S12 
L4T2S34 
L4T3S 12 
L4T3S34 
1414512 
i4T4S34 
Average 
Std Dev 

Lane 5 

L51-IS12 
L5TlS34 
L5T2S12 
1512S34 
L5T3S12 
L5T3S34 
L5T4S12 
L5T4S34 
Aver age 
Std Dev 

Lane 6 

L6TlS12 
L6TlS34 
L6T2S12 
L6T2S34 
L613S12 
L6T3S34 
L6T4S12 
L6T4S34 
Average 
Std Dev 

L = Lane; T = L i f t ;  S = S i t e  



Table 12. Average voids analysis data us ing the paving 
cant rac tor 's  maximum s p e c i f i c  g r a v i t i e s  (cont inued). 

Binder Max~mum Arr 
Lane Content S p e c i f ~ c  Voids VMA VFA Stab i  l i ty Flow 
Number ( % )  Gravity ( X I  ( 2 )  ( %  1 ( N )  (0.25 mm) 

Lane 7 

L7TlS12 
L7TlS34 
L7T2S12 
L7T2S34 
17T3S 12 
L7T3S34 
L7T4S12 
L7T4S34 
Average 
Std Dev 

Lane 8 

L8TlS12 
L8T1S34 
L8T2Sl2 
L81-2S34 
L8T3S12 
L8T3S34 
L8T4512 
L8T4S34 
Average 
Std Dev 

Lane 9 

L9TlS12 
L9TlS34 
L9T2S12 
19T2S34 
19T3Si2 
L973S34 
L9T4S12 
L9T4S34 
Average 
Std Dev 

** No peak was obtained. 
L = Lane; T = i ~ f t ;  S = S?te. 



Table 1.2. Average voids analys is  data using the  paving 
cont rac tor 's  maximum s p e c i f i c  g r a v i t i e s  (cont inued). 

Binder Maxi mum Ai  r 
Lane Content S p e c i f i c  Voids VMA VFA Stabi  1 i t y  Flow 
Number ( % )  Grav i t y  (%I (%)  ( %  1 t N )  (0.25 mm) 

Lane 10 

LlOTlS12 4.8 2.656 1.5 13.9 89.2 17 014 18 
LlOTlS34 5.3 2.657 1.5 14.3 89.5 15 457 18 
L10T2.512 4.8 2.661 1.6 13.8 88.4 16 680 19 
LlOT2S34 4.7 2.660 1.8 13.9 87.1 17 681 19 
LlOT3S12 4.7 2.657 1.8 14.0 87.1 17 605 15 
LlOT3S34 5.0 2.659 1.8 14.2 87.3 14 492 17 
L10T4Sl.2 4.8 2.656 0.7 13.2 94.7 14 790 16 
LlOT4S34 4.9 2.658 1.2 13.6 91.2 15 902 15 
Average 4.9 2.658 1.5 13.9 89.3 16 204 17 
Std Dev 0.17 0.002 

Lane 11 

LllTlS12 4.2 2.735 
LllliS34 3.9 2.737 
LllT2Sl.2 4.0 2.729 
LllT2S34 4.0 " 2.728 
Average 4.0 2.732 
Std Dev 0.16 0.004 

Lane 12 
L12TlS12 4.1 2.732 2.4 12.1 80.2 38 288 19 
Ll271S34 4.0 2.732 2.9 12.3 76.4 35 695 21 
L12f2S12 4.1 2.728 2.5 12.2 79.5 ** ** 
L12T2S34 4 0 2.729 2.4 12.0 86.0 ** ** 
Average 4 .1  2.730 2.5 12.2 79.0 36 994 20 
Std Dev 0.07 0.002 

** No peak was obta~ ned. 
L = Lane; T = L ? f t ;  S = S i t e .  



Table 13. Average voids analys is  da ta  us ing  
the FHWA' s maximum speci f i c g r a v i t i e s  . 

-- - 

Bi  nder Maxi mum A1 r 
Lane Content Spec i f i c  Voids VMA V FA S t a b i  11 t y  F low  
Number (%I Grav7 t y  (%)  ( % )  ( I )  ( N )  ( 0 .25  mm) 

1 4.7 2.686 3 . 2  14.3 77 6 12 018 15 
2 4.8 2.686 2 3 13.6 83.1 14 910 16 
3 4.8 2.678 2 . 6  14 .1  81.6 12 32.5 15 
4 4 .9  2.692 2 . 9  1 4 . 1  79 .3  15 350 17 
5 4 . 8  2.691 2 . 7  13.9 80.4 13 046 16 
6 4 . 9  2.686 2 4 13.8 82.6 15 483 16 
7 4 .  g 2.684 3 . 4  14.6 76.9 19 794 21 
8 4.7 2.686 4 1 1 5 . 1  72.8  16 573 16 
9 4 .9  2.684 2 6 14.1  81 4 12 923 16 

10 4 . 9  2.680 2 3 13.9 83.5 16 204 17 
1 I 4.0 2.746 2 5 1 1 . 6  78.4 30 776 20 
12 4 1 2.755 3 . 4  12 .2  7 2 . 1  36 994 2 0 

VMA = V o ~ d s  In t h e  M ~ n e r a l  Aggregate. 
VFA = Volds F i l l e d  With Asphalt .  

Lanes 1, 3,  9 ,  and 11 are A C - 5 .  
Lanes 2, 4 ,  6 .  10, and 12 are AC-20 .  
lane 5 i s  AC-10. 
Lane 7 i s  S ty re l  f . 
Lane 8 7 s Navopha? t . 
Lanes 11 a n d  12 are the 3M-3 base mixtures 



d. Invest igat ion o f  Plant - Produced Mixtures 

An extensive i nves t i ga t i on  o f  the  plant-produced mixtures was performed t o  
determine why the  proper t ies  o f  these mixtures d ~ d  not dup? i c a t e  t h e  mixture 
design proper t ies .  The speci f ~ c  g r a v i t i e s  o f  t he  aggregates used i n  designing 
the  m ~ x t u r e s  and the  s p e c i f i c  g r a v i t i e s  o f  the  aggregates stockpi  led a t  TFHRC 
a f t e r  cons t ruc t ion  were compared t o  ~ n v e s t i g a t e  the  discrepancies i n  maximum 
s p e c l f i c  g r a v i t y .  D i  f ferences I n  the  aggregate speci f ~ c  g r a v i t i e s  were minor 
and could no t  account f o r  t he  d i f ferences I n  t h e  maximum s p e c i f i c  g r a v i t i e s .  
As an add i t iona l  check, surface mixtures a t  the  ta rge t  b inder  content o f  
4.9 percent were prepared from both samples o f  aggregate. The aggregates were 
blended according t o  the  o r i g i n a l  job-mix formula. Both mixtures provided 
equivalent maximum s p e c i f i c  g r a v i t i e s  rang1 ng from 2.652 t o  2.657 a f t e r  oven- 
aging f o r  1 h a t  135 "C. The discrepancies i n  maximum s p e c i f i c  g r a v i t y  were 
a lso  not  re la ted  t o  d i f ferences i n  b inder  content s ince the  b inder  contents 
of the plant-produced mixtures were e i t h e r  eqbal t o .  o r  very c lose t o ,  t he  
design contents. 

A surface mixture was then prepared and tes ted  f o r  rnaximurn s p e c i f i c  
g r a v i t y  a f t e r  0, 1, 2.  and 4 h o f  oven-aging a t  135 "C. These aging periods 
provided maxin~urn spec i f 1 c y r a v i  t i es o f  2.651, 2.657, 2.662, and 2.664, 
respect ive ly .  It was concluded t h a t  the higher maximum s p e c i f i c  g rav i  t ~ e s  
o f  the plant-produced mlxtures were no t  p r i m a r i l y  r e l a t e d  t o  aging and 
increased binder abso rp t~on .  

The various stockpi l e s  o f  diabase aggregates had simi 1 a r  apparent 
spec i f i c  gravities. The natura l  sand had an apparent s p e c i f i c  g r a v i t y  tha t  
was s i g n i f i c a n t l y  lower than the values f o r  the  diabase aggregates. Based 
on these s p e c i f i c  g r a v ~ t i e s ,  the maximum percentage o f  na tura l  sand used i n  
the  plant-produced surface mixtures was ca lcu la ted  t o  be 16 percent.  The 
aggregates s t o c k p ~  l e d  a t  TFHRC were blended t o  meet the  plant-produced sur -  
face mixture gradat ion.  I t  was estimated t h a t  the  na tura l  sand content was 
between 5 and 14 percent.  This percentage depended on the  sreve s i r e  used 
i n  the  ca l cu la t i on ,  which meant t h a t  the  gradat ion o f  a t  l e a s t  one o f  t h e  
s tockp i led  aggregates was s l i g h t l y  d i f f e r e n t  from the  gradat ion used i n  the  
plant-produced mixture.  The gradat ion o f  t h e  stockpi  f ed na tura l  sand was 
found t o  be d i f f e r e n t  from the  gradat ion o f  the sample used i n  the mixture 
designs, but  which one o f  these two gradations should be used i n  t h e  calcu-  
l a t i o n s  could not  be establ ished.  

The natura l  sand content i n  the surface mixture was then reduced from 22 
t o  14 percent.  This increased the  average max~mum s p e c i f i c  g r a v i t y  t o  2.671 
using 1 h o f  oven-ag;ng a t  135 "C. Comparing 2 .671  t o  the  maxlrnum s p e c i f i c  
g r a v i t i e s  i n  tab les  10 and 13 ~ n d i c a t e d  t h a t  less  than 14-percent na tura l  sand 
was used i n  the surface mixtures. All values were above 2.671. 

Extracted aggregates froni lane 6-11ft 2,  lane 8 - l i f t  1. and lane 1 2 - - l i f t  1 
were than separated according t o  the standard sieve s izes .  The percentage 
o f  natura l  sand by mass I n  each s ~ z e  f r a c t i o n  above the  0.300-mm sieve was 



measured. A microscope was used to separate particles.  The percent natural 
sand contents in the 0.300- t o  0.150-mm size fraction was estimated to be the 
same as in the 0.600- t o  0.300-mm size fraction. The average natural sand 
contents are given i n  table 14. The gradation of the natural sand, shawn 
i n  table 15, was estirnated from these contents. Th is  gradation was closer 
to  the gradation used in the mixture designs t h a n  t o  the gradation of the 
stockpiled sand received af te r  construction. 

The percentages of natural sand used J n  the two types of mixtures were 
calculated by two methods. First  , the percentages of each aggregate were 
varled u n t ~  1 the blend met the plant-produced gradation as close as poss~ble .  
The gradation of table 15 was used for the natural sand. Second, the per- 
centage of natural sand t h a t  was needed t o  exactly meet the plant-produced 
gradation was calculated for each individual s ize fraction above the 0.300-rnm 
sieve. I f  the gradatjons of the various aggregates used in these calculations 
were correct,  then the percentages of natural sand calculated for the warlous 
size fractions would be equal. I f  they were not equal, then one or mare of 
the gradat~ons was not correct. The blend percentages of the dlabase coarse 
dggregates used i n  these analyses had t o  he fixed; otherwise, there would be 
too many unkno~n variables. These percentages were fixed based on what was 
needed to  meet the larger sizes of the plant-produced gradation. The blend 
percentages of the No. 10 d~abase aggregate and the natural sand were then 
calculated for each slze f r a c t ~ o n .  Based on both analyses, the natural sand 
contents of the plant-producec surface a n d  base rn~xtures were determined to be 
8 +2 and 5 22 percent. (Sl ight ,  inconsequent~al adjustments to  the gradation 
of the natural sand on the 0.300- ,  0.150-, and 0.075-mm sieves were la te r  made 
so t h a t  the FHWA stockpiled sand only had t o  be sieved t o  the 0.600-mm size.  
The normal practice used i n  the TFHRC 01 tumlnous M~xtures Laboratory i s  t o  
sieve a11 aggregates t o  the 2.36-mm s ieve . )  

The riatural sand and the No 10 d~abase aggregates were tested for shape 
a n d  texture u n n g  the National Aggregate Assoc~ation's (NAA) Method A. '4 '  

' Determining the exact percentage of natural sand would be less c r i t ica l  for . 
the research studies i f  the materials had similar shapes and textures. The 
NAA method evaluates shape and  texture i n  terms o f  the percentage o f  voids 
I R  a dry, uncompacted sample High voids usudlly indicate high angularity 
and  a rough texture. Low vo~ds usually indicate the mater~al i s  rounded and 
smooth. The 2 .36-  t o  0.150-rnm fraction of a rnater~al 1s tested.  The uncom- 
pacted voids for the Virglnla Trap Rock No. 10 diabase. Luck Stone No. 10 
diabase. a d  natural sand were 49, 48, and 45 percent, respecttvely. A l l  
three va lues t ndrcated moderately high angularity and roughness. The two 
diabase aggregates had s ~ g n i  flcantly h~gher  uncompacted voids a t  a 95-percent 
conf~dence level , ind~cat ing some s l i gh t  difference I n  the ma t e r ~ a l s .  Micro- 
scopic anal.yses ind~cated t h a t  pa!jticles i n  the larger size fractions of the 
natural sand were slightly more cublc i n  shape. 

Gradat~on analyses were performed on the rnlnus 0.075-mrn aggr ate  frac- %" tions of surface mixtures because changes l n  this gradat~on can ffect  the 
a i r  volds and VMA o f  a m~xture Hot-mix p l a n t  processes may decrease the 



a i r  voids and VMA i f  they increase the  amount o f  very smaf 1 p a r t i c l e s  I n  the  
mixture.  The reduct ion i n  the  natura l  sand contents o f  t he  mixtures increased 
the  bul k -dry  s p e c i f i c  g r a v i t y  o f  t he  combined aggregate. This should increase 
the  VMA, whereas the  VMA's o f  the  plant-produced mixtures were l ess  than those 
obtained dur ing the  designs. Therefore, other  f ac to rs  were responsible f o r  
decreasing the  a1 r voids and VMA o f  the  p lan t  -produced mixtures.  

Samples were taken from the  aggregate blend used i n  the mix ture  designs 
and from aggregates extracted from two o f  t he  plant-produced mixtures.  These 
samples were analyzed using a Horiba LA-500 laser  d i f f r a c t i o n  p a r t i c l e  s ize  
analyzer. The gradations are shown i n  t a b l e  16. These gradat ions do not  show 
higher l eve l s  o f  very small p a r t i c l e s  i n  t he  extracted aggregates. It was 
concluded t h a t  t he  decreases I n  the  a i r  voids and VMA were no t  r e l a t e d  t o  
changes i n  the  gradat ion o f  the mlnus 0.075-mm f r a c t i o n  o f  t h e  aggregate. " 
Changes i n  t h i s  gradat ion were not expected because the  mater ia l  co l l ec ted  
i n  t he  hot-mix p l a n t  baghouse was not metered back i n t o  the  mixtures.  

It was concluded t h a t  the changes i n  a i r  voids and VMA had t o  be re la ted  
t o  the changes i n  ove ra l l  aggregat,e gradat ion and changes i n  p a r t i c l e  shape 
r e s u l t i n g  from the  increase i n  diabase f i n e  aggregate and decrease i n  na tura l  
sand. The natura l  sand contents o f  the  plant-produced surface and base 
mixtures were 8 and 5 percent.  The job-mix formula l i s t e d  na tura l  sand 
contents o f  22 and 14 percent f o r  these two mixtures.  

e. Pavement Densities 

Table 17 presents the  cornparlson o f  t he  dens i t ies  from a thin l i f t  nuclear 
d e n s ~ t y  gauge t o  the  densities o f  pavement cores taken from t h e  bottom 1 i f t s  
o f  e igh t  lanes immediately a f t e r  placement. This comparison was performed 
t o  v e r i f y  the  c a l i b r a t i o n  o f  t he  nuclear densi ty  gauge a t  the  s t a r t  o f  con- 
s t ruc t i on .  The cores were taken close t o  the ends o f  t h e  lanes, nearest t o  
s ~ t e  3-4,  t o  avoid d i s t u r b ~ n g  the  pavements as much as poss ib le .  Some o f  
the  dens i t ies  were d i f f e r e n t  on an i nd i v idua l  bas is .  A d ~ f f e r e n c e  o f  25 kg/rn3 
i s  approximately equivalent t o  1-percent a] r voids.  An average d i f f e rence  
o f  -12 kg/m3, or  approximately 0.5-percent a i r  voids was obtained. A negat ive 
s lgn indicates t h a t  the  nuclear densl ty  gauge provided a lower dens i ty  and a 
h ~ g h e r  percent a i r  voids r e l a t l v e  t o  the  cores. A pa i red  t - t e s t  showed t h a t  
there  was no ove ra l l  d i f fe rence between the  two sets o f  dens i t i es ,  and thus 
the  nuclear gauge was assumed t o  be ca l i b ra ted .  

Dens1 t i e s  were measured dur ing compact~on by t h e  paving cont rac tor  us ing 
the  nuclear d e n s ~ t y  gauge. F i f t een  measurements were recorded per lane per 
l ~ f t  on a random b a s ~ s .  The average d e n s ~ t y  per lane,  the  average percent 
a l r  volds based on the  pavlng con t rac to r ' s  maximum s p e c i f ~ c  g r a v i t i e s ,  and 
the  standard dewat ions  o f  these a l r  vo-tds are given I n  t a b l e  18. The a i r  
v o ~ d s  met t he  w ~ t h ~ n - l a n e  and between-lane variab17 i t i e s ,  and were w i t h i n  
the  FHWA-spec~f~ed 4- t o  8-percent range. The complete se t  o f  nuclear gauge 
dens i t ies  was stored i n  a computer f i l e .  



f. Pavement Thicknesses 

Table 18 includes the  average t o t a l  t h ~  cknesses o f  the pavement 1 i f t s  , 
t he  standard deviat ions o f  these thicknesses, and the t o t a l  mass o f  mixture 
placed per lane, based on the nuclear gauge dens i t i es .  Thicknesses were 
measured us ing a rod and l eve l  a t  1.22-m i n t e r v a l s  down the  c e n t e r l i n e  o f  
each pavement and 1 . 0 7  m l e f t  and r i g h t  o f  the  c e n t e r l i n e .  T h ~ s  amounted 
t o  108 measurements per lane.  A complete se t  o f  e leva t ions  and thicknesses 
f o r  a l l  layers was stored i n  a computer f i l e .  

The s p e c i f i c a t i o n  requl red an average thickness o f  101 6 k12.7 mm f o r  
lanes 1 and 2 ,  and an average t h ~ c k n e s s  o f  203.2 212.7 mm f o r  lanes 3 t o  6 .  
Small tolerances here spec i f ied  f o r  t he  lanes t o  be used i n  the  f a t i g u e  study 
because thickness sign1 f i c a n t l y  a f f e c t s  fa t i gue  1 I f e  , Lane 1, w i t h  an average 
thickness o f  87.9 mm, d i d  not  meet t h i s  requirement by I, 0 mm. A minimuln 
thickness o f  203.2 mm was spec i f jed  f o r  lanes 7 through 12. Only lane 12, 
having a thickness o f  207.8 mm, met t h i s  requirement. Lanes 7 through 11 were 
less than 203.2 mm by an average o f  4.8 mm. 

The standard dev ia t ion  o f  the  108 th ickresses w i t h i n  each lane was 
spec1 f i e d  t o  be less than 6 . 4  mm. A l l  ldnes met t h i s  s p e c i f i c a t i o n  w i t h  
the  except ion o f  lane 11, wnich had a standard dev ia t i on  o f  9 .14 mm. 

The average t o t a l  t h ~ c k n e s s  o f  lane I. could no t  be s i g n i f i c a n t l y  d i f f e r e n t  
a t  a 95-percent confidence l eve l  from the  average t o t a l  thickness o f  lane 2 .  
The standard deviat ions o f  these th~cknesses a lso  could not  be sign1 f i c a n t l y  
d i f f e r e n t .  These requirements a lso  appl ied t o  the  f o l l o w i n g  p a i r s  ~f lanes: 
3 and 4, 5 and 6 ,  7 and 8. 9 and 10. and 11 and 12. The standard d e v ~ a t ~ o n  
requirements were met, bu t  on l y  lanes 3 and 4 had thicknesses t h a t  were not  
s ~ g n i f i c a n t l y  d l  f f e r e n t  . The d l  f ference In thickness between two 1 anes could 
not  be greater  than 1 72 mm. 

How these dev ia t  ions from Lhe s p e c l f ~ c a t i o n s  would a f f e c t  pavement per-  
formance was unknown. The most Important lanes, i n  terms o f  th ickness,  were 
those designated f o r  the  f a t ~ g u e  cracking s tud ies ,  espec ia l l y  lanes 1 and 2. 
w h ~ c h  were the  two t h i n  lanes. For t he  lanes t o  be tes ted  f o r  f a t ~ g u e  c r a c k -  
~ n g ,  lane 1 was t h ~ n n e r  than lane 2 by an average o f  4 . 3  mm; lanes 3 and 4 had 
?qua1 thicknesses, and lane 5 was th inner  than lane 6 by an average o f  3 . 8  mm 
Lanes 7 and 8 were added t o  the  fa t i gue  study a f t e r  t h e  cons t ruc t ion  cont rac t  
was awarded. Lane 7 was th inne r  than lane 8 by an average o f  4 3 mm. Bes~des 
d i f ferences i n  thicknesses, f a t l gue  1 i f e  may a lso  be a f fec ted  by d i f ferences 
~n the  p r o p e r t ~ e s  o f  t he  crushed aggregate base and t h e  subgrade layers ,  and 
any d i f fe rences i n  asphalt  pavement aging t h a t  occur dur ing  the  1 i ves  o f  the  
pavements. It was decided t o  es tab l?sh whether pa7rs o f  lanes were equivalent 
us1 ng fa1 1 i ng weight de f lec t ions  These de f l ec t i ons  wou 1 d be measured before 
the  lanes were tes ted  by the  ALF 



Table 14. Percent natural sand i n  the f rac t ions.  

Sieve S ize  (mm) Surface Base 
r' 

9.5 t o  4.75 3 .13  2.23 
4.75 t o  2.36 8.46 3 .36  
2 .36  t o  1.18 18. i 10.5 
1 .18  t o  0.600 47.6 33.8  

0.600 t o  0.300 61 .0  48.2 

Table 15. Gradation 
o f  the natural sand. 

Sieve 
S ize  Percent 
(mm) Passing 

Table 16. Pa r t i c l e  s i r e  analyses. 

Aggregate Ex t rac ted  Ex t rac ted  
Sieve Used i n  Aggregate. Aggregate, 
S ize  M i x tu re  Lane 3 Lane 6 
(mm) Design L i f t  1 L i f t  4 



Table 17. Comparison o f  core densities to nuclear gauge densities. 

Nuclear 
Core Gauge 

Core Lane Dens I t 'y Density D l  f ference 
Number Number ( kg/mJl ( kgim3) ( kg/m3) 

1 3 2449 2467 + 18 
2 3 2464 2398 - 66 
3 5 2481 2459 - 22 
4 5 2448 2443 - 5 
C. 
J 6 2462 2424 - 38 
6 6 2472 2436 - 36 
7 7 2452 2457 + 5 
8 7 2459 2448 - 11 
9 8 2446 2459 + 13 
10 8 2377 2435 + 58 
I1 9 2484 2441 - 43 
12 9 2416 2470 + 54 
13 10 2494 2432 - 62 
14 l.0 2464 2454 - 10 
15 12 2550 2512 - 38 

Average - 12 

Note: Each nuclear gauge densi ty  1s a n  average o f  four  measurements 
recorded by r o t a t i n g  the  gauge ~n four  d i f f e r e n t  d ~ r e c t i a n s ,  except 
f o r  cores 1 and 2 ,  where they were recorded i n  only one d i r e c t ~ o n  



Table 18. Average i n - p l  ace nuclear gauge densi t ies,  a i r  voids, 
thicknesses, and t o t a l  quant i ty o f  mixture placed per lane. 

. Average 
Nucl ear Standard Standard Tota l  
Gauge Average Deviat ion,  Average Deviat ion,  Quanti t y  

Lane D e n s ~ t y  Air Voids Air Voids Thickness Thickness Placed 
Number ( kg/m3) ( % )  ( %  (mm> (mm> (Mg 1 

3. 2464 7.20 0.8 87.9 3.05 37.9 
2 2462 7.26 0.9 92.2 3.05 39.7 
3 2467 7.08 0.9 196.1 6.10 84.7 
4 2467 7.11 1.1 196.1 6.10 84.7 
5 2467 7.21 1.0 194.8 6.10 84.1 
6 2467 7.14 1.0 198.6 3.05 85.8 
7 2464 7.28 1.0 193.6 6.10 83.5 
8 2460 7.39 0.9 197.9 6.10 85.3 
9 2475 6.90 1.1 200.4 5.10 86.8 
10 2478 6.73 1.0 198.6 3.05 86.2 
11 2520 7.73 0.5 201.7 9.1.4 89.0 
12 2521 7 60 0.6 207.8 6.10 91.7 

--- 



g .  Pavement A i r  Voids From Cores Taken a t  the Center1 i ne 

Twenty-four pavement cores were taken a f t e r  cons t ruc t ion  and tes ted  f o r  
a i r  voids. Two 152.4-mm-diameter cores were taken per lane,  one from each 
end o f  the  lane a t  i t s  cen te r l i ne .  One core was representat ive o f  s i t e s  1 
and 2 ;  the  other  was representat ive o f  s ~ t e s  3 and 4. The cores were sawed 
by 1 i f t  and each specimen was tes ted  f o r  bulk speci f ~ c  g r a v i t y .  L i f t  1 was 
the  bottom l i f t .  .The percent a i r  v o ~ d s  - ~ n  each core was ca lcu la ted  using the  
average maximum s p e c l f i c  g rav l  t y  o f  t he  associated plant-produced loose mix-  
t u r e  t h a t  was measured i n  the  TFHRC Bitum~nous Mixtures Laboratory. These 
maximum spec i f i c  g r a m t i  es were ver? f l e d  by t e s t ]  ng cores f o r  maxirnum speci f ~ c  
g r a v i t y  on a random basis .  

The a i r  volds f o r  the h f t s  were averaged by s i t e :  then an overal 1 average 
for  the  lane was cornnuted. The data are glven i n  t a b l e  19. Only lanes 11 
and 12 ~ 7 t h  the  base mixtures met the  specified 4-  t o  8-percent a ~ r - v o i d  
range. The a i r  v o ~ d s  were greater a t  s i t e  1-2 compared t o  s i t e  3 -4  for a11 
lanes. This i n d ~ c a t e d  t h a t  more densi ty  was ach~eved as the  laydown o f  a  
m i  x tu re  proceeded. 

The average a ~ r - v o ~ d  leve l  i n  the  surface mixtures was 9 .6  percent ,  wh i le  
t he  nuclear gauge d e n s ~ t l e s  i n  t a b l e  18 had an average l e v e l  o f  7 . 1  percent.  
One reason f o r  t h i s  d ~ f f e r e n c e  was tha t  t he  paving con t rac to r ' s  maximum 
spec1 f i c  g r a v i t i e s  were s ign? f ~ c a n t l y  lower than the  PHWA's rnaxlmum spec] f7c 
g r a v i t i e s .  A second reason was t h a t  the nuclear gauge d e n s ~ t i e s  o f  the  mix- 
tu res  were s l g n l  f7cant ly  h ~ g h e r  than the  core dens i t tes .  ( M u l t ~ p l y  the  bulk  
s p e c l f ~ c  g r a v l t i e s  l n  t a b l e  19 by 997 1 f o r  a d ? r e c t  comparison.) Both d ~ s -  
crepancies l e d  t o  the  lower a i r - v o i d  l eve l s  reported by the  paving contractor  
Table 19 a lso shows t h a t  the a l r  v o ~ d s  f o r  l ane  7 w ~ t h  S t y r e l f  and f o r  lane 8 
~ 7 t h  Novophalt were h ~ g h e r  than those f o r  t he  o ther  lanes. The nuc?ear gauge 
d e n s ~ t i e s  i n  t a b l e  18 d i d  pot shoh these d i f ferences 

Table 19 shows zhat the dverage a i r - v o ~ d  l eve l  f o r  the base mixtures 
i n  lanes I1 and 12 was 7 . 6  percent,  w h ~  l e  the  nuclear gauge densities i n  
t a b l e  18 had an average l eve l  o f  7 7 percent .  The slightly lower average 
nuclear gauge dens i t i es  ~n tab le  28 compdred t o  the  average core densi t i e s  
i n  t a b l e  19 negated the e f f e c t s  o f  the  s l i g h t  d i f fe rences i n  t he  maximum 
s p e c i f i c  g r a v ~ t y .  

The d e n s i t ~ e s  o f  t he  cores from l ~ f t  i a t  s i t e  3 -4  i n  t a b l e  19 were 
compared to the  dens i t ies  o f  t h e  cores I n  t a b l e  17,  whlch were used t o  check 
the  c a l i b r a t i o n  o f  t he  fluclear dcnsl ty  gauge. ( M u l t i p l y  t h e  bulk s p e c i f i c  
g r a v l t i e s  I n  t a b l e  29 by 997 1 f o r  a d ? r e c t  comparison ) The densi t i e s  
reasonably agreed w i t h  each o ther ,  except t o r  lane 7 where t h e  average den- 
s:ty was 2456 kg/m3 f o r  the  c a l i b r a t i o n  cores and 2306 kg/mJ f o r  the  cores 
taken a f t e r  construct ion.  This d i  fference could have been due t o  ~nadequate 
samp7 7ng. ? h i s  compar~son o f  dens? ties ~nd- tca ted  t h a t  the nuclear d e n s ~ t y  
gauge was ca l tb ra ted  a t  the s t a r t  o f  the c o n s t r u c t ~ o n  d n d ,  t he re fo re ,  d i d  
not prov lde an explanat ion f a r  the discrepancies i n  the  d e n s i t ~ e s .  



h. Pavement A i r  Voids From Cores Taken i n  the Wheel paths 

For ty -e igh t  add i t iona l  cores were obtained t o  v e r ~ f y  t h e  a i r  vo ids.  One 
core was taken from each wheelpath a t  both ends o f  a lane. The a i r  v o ~ d s  are 
given i n  t a b l e  20. The cores taken from the  wheel paths had lower a i r  voids 
than the  cen te r l i ne  cores, but  one wheelpath d i d  no t  cons i s ten t l y  have h igher .  
or  lower, a i r  voids than the other  wheelpath. Except f o r  lane 3,  t he  average 
a i r  voids were higher a t  s i t e  1-2 compared t o  s i t e  3-4.  This i nd i ca ted  t h a t  
more densi ty  was achieved as the  laydown o f  a mix ture  proceeded. The a i r  
voids i n  lane 3 were h igher  a t  s i t e  1-2 i n  t he  top  two l i f t s ,  b u t  no t  i n  t he  
bottom two 1 i f t s .  

The average a i r - v o i d  l eve l  i n  t he  surface mixtures was 8 .2  percent ,  w h ~ l e  
the  nuclear gauge dens i t ies  i n  t a b l e  18 had an average l eve l  o f  7 . 1  percent .  
The a i r  voids i n  t he  wheelpath cores were 1 .4  percent lower than i n  t he  cen- 
t e r l i n e  cores. The average a i r - v o i d  l eve l  i n  the  base mixtures of lanes 11 
and 12 was 7 . 1  percent,  whi 1e the  nuclear gauge dens7 t i e s  i n  t a b l e  18 had 
an average l eve l  o f  7.7 percent.  The a i r  voids i n  t h e  wheel path cores were 
0.6  percent lower than 7n the center7 l n e  cores. 

Table 20 shows t h a t  the air voids I n  lane 7 w~ t h  S t y r e l f  and i n  lane 8 
w i th  Novophalt were 1 0 . 0  and 9 . 8  percent,  wh i le  t he  remaining e igh t  surface 
mixtures averaged 7 . 7  percent.  The averages f o r  t he  AC-5,  AC-10, and AC-20 
mlxtures Mere 7 . 4 ,  8 . 0 ,  and 7 .9  percent ,  respect ive ly .  Lanes 7 dnd 8,  along 
w ~ t h  lanes 4 and 9, d i d  not  meet the  spec i f i ed  4- t o  8-percent a i r - v o i d  range. 
Reasons why the  pavlng con t rac to r ' s  nuclear gauge dens i t i es  i n  t a b l e  18 d i d  
not  prov ide higher a i r - v o ~ d  l eve l s  f o r  lanes 7 and 8 could no t  be establ ished 

The average a i r  voids i n  the  two lower and two upper l ~ f t s  o f  lanes 3 
through 10 are glven i n  t a b l e  21. This d iv ided the  pavements i n t o  two halves,  
each having a thickness o f  approximately 100 mm. The air voids i n  t he  upper 
l i f t s  may be more important f o r  t he  r u t t i n g  evaluat ions because the  m a j o r i t y  
o f  the  r u t t i n g  should occur i n  t he  upper l i f t s .  The a i r  voids I n  t h e  lower 
l i f t s  may be more important f o r  the  fa t i gue  evaluat ions.  For lanes 11 and 
12, there  was only  one lower l i f t  and one upper l i f t ,  Table 21 includes the  
average a i r  voids f o r  a1 1 i ~ f t s .  The a i r  voids i n  t he  lower and upper halves 
of the  pavements d i f f e r e d  by more than 1 percent i n  a few cases, although 
they were not  s i g n i f i c a n t l y  d i f f e r e n t  and provided no t rend .  Reasons why the  
paving con t rac to r ' s  nuclear gauge densi t ~ e s  d i d  no t  show these d i f fe rences 
could not  be establ ished.  The data a lso show t h a t  t h e  a i r  voids a t  s i t e  1 -2  
were o f ten  greater  than a t  s i t e  3 -4  by more than 1 percent .  

A d i f fe rence o f  1-percent air voids should r e s u l t  i n  a 1-percent d ~ f -  
ference i n  consol i d a t i a n  when a pavement i s  tes ted  by the  ALF The i n t e n t  
o f  the construct ion spec? f l c a t l o n  to provide 1 ow w i t h i  n-1 ane and between-1 ane 
v a r ~ a b i  1 I t i e s  was not always achieved. AI r volds, b inder  contents, and 
aggregate g rada t~ons  w111 be measured a f te r  each s i t e  i s  f a i l e d  by the  ALF. 



Table 19. Percent a i r  voids from cores taken a t  the center1 ine.  

S u l k  S p e c l f l c  Maxi mum A i  r Voids 
I Grav i t y  Speci f i c  C%) 

S i t e  1 - 2  S i t e  3 -4  Grav i t y  S i t e  1 - 2  S i t e  3 -4  

Lane 1, AC-5 

L i f t  1 2.474 2.499 2.686 7.89 6.96 
L i f t  2 2.406 2.434 2.686 10.42 9.38 
S i t e  Average 2.440 2.467 2.686 9.16 8 .17  
Lane 1 Average 2.454 2.686 . 8.66 

Lane 2, AC-20 

L i f t  1 2.453 2.482 2.686 8 .67  7.59 
L l f t  2 2.414 2.451 2.686 10.13 8.75 
S i t e  Average 2.434 2.467 2.686 9.40 8.17 
Lane 2 Average 2.451 2.686 8.75 
- 

L ~ f t  1 2.436 2.434 2.678 9.04 9 .12  
L i f t  2 2.423 2.462 2.678 9 . 5 1  8 .06  
L i f t  3 2.450 2.515 2.678 8.52 6.10 
L i f t  4 2.439 2.453 2.678 8 .92  8.40 
S7te Average 2.437 2 466 2.678 9 .00  7 . 9 2  
Lane 3 Average 2.452 2.678 8.46 

Lane 4, AC-2Q 

L i f t  1 2 412 2.479 2.692 10.40 7 .91  
L i f t  2 2.352 2 .381  2.692 12.63 11.55 
L i f t  3 2.439 2.493 2.692 9.40 7.19 

2.399 2.448 2.592 10 88 9.06 L l f t  4 
S i t e  Average 2 .401  2.450 2.692 10 .81  8.99 
Lane 4 Average 2.426 2.692 9.88 

Lane 5, AC- 10 

L i f t  1 2.402 2.441 2 .691  10.74 9.29 
i l f t  2 2.404 2.468 2.691 10.67 8.29 
L ~ f t  3 2 451 2.  A82 2 .691  8.92 7 .77  
L i f t  4 2.432 2.446 2.691 9 .62  9.10 
S i t e  Average 2.422 2.459 2 .691  -LO. 00 8.62 
Lane 5 Average 2.441 2,691 8 .29  
- 



Table 19. Percent a i r  vo ids  from cores 
taken a t  the center1 ine (continued). 

B u l k  S p e c i f i c  Maxi mum A i  r Voids 
Gravity Speci f i c ( 9 ; )  

S i t e  1 - 2  S i  t e  3-4 G r a v i t y  S i t e  1-2 S ~ t e  3-4 

Lane 6, AC-20 

L i f t  1 2.479 2.466 2.686 7.69 8.17 
L i f t  2 2.372 2.481 2.686 11.70 7.64 
L l f t  3 2.444 2.450 2.686 9.00 8.78 
L i f t  4 2.379 2.442 2.686 11.42 9.09 
S i t e  Average 2.419 2.460 2.686 9.95 8.42 
Lane 6 Average 2.440 2.686 9.19 

Lane 7, Styrelf  

L i f t  1 2.311 2.393 2.684 13.90 10.84 
L ? f t  2 2.202 2.365 2.684 -k** 11.87 
L i f t  3 2.330 2.312 2.684 13.21 13.85 
L i f t  4 2.384 2.405 2.684 11.16 10.39 
S i t e  Average 2.308 2.369 2.684 12.76 11.74 
Lane 7 Average 2.339 2.684 12.25 

- 

tane 8, NoSophal t 

Lift 1 2.320 2 428 2.686 13.62 9.61 
L i f t  2 2.398 2.381 2.686 10.72 11.34 
L i f t  3 2.353 2.399 2.686 12.38 10.69 
L i f t  4 2.366 2.382 2.686 11.91 11.33 
S i t e  Average 2.359 2.398 2.686 12.16 10.74 
Lane 8 Average 2.379 2.686 11.45 

- 

Lane 9 ,  AC-5 

L i f t  1 2.414 2.444 2.689 10.22 9.10 
L i f t  2 2.467 2.484 2.689 8.27 7.62 
L i f t  3 2.443 2.454 2.689 9.15 8.75 
L i f t  4 2.473 2.454 2.689 8.03 8.75 
S i t e  Average 2.449 2.459 2.689 8.92 8.56 
Lane 9 Average 2,454 2.689 8.74 

*** Damaged core specimen 



Table 19. Percent a i r  voids from cores 
taken a t  the center1 ine  (continued). 

Lane 10, AC-20 

B u l  k Spec i f i c  Maximum Air Voids 
Gravl t y  Speci f i c ( %  1 

S i t e  1 - 2  S i t e  3-4 Gravi ty S i t e  1-2 Site 3-4 

L i f t  1 2.428 2.475 
L i f t  2 2 401 2.473 
L i f t  3 2 442 2,482 
L i f t  4 2 385 2.439 
Site Average 2.414  2.467 
Lane 1Q Average 2.441 

Lane 11, AC-5 

L i f t  1 2.537 2.563 
L i f t  2 2.533 2.537 
Site Average 2.535 2 .550  
Lane 11 Average 2.543 

Lane 12 ,  A@-20 

L ~ f t  1 2.556 2 .561  
L i f t  2 2 .511 2.520 
S i t e  Average 2.534 2.541 
Lane 12 Average 2.538 



Table 20. Percent a i r  voids from cores taken from the wheelpaths. 

Bu lk  S p e c i f ~ c  Maxi mum A i  r Voi ds . G r a v i t y  Spec1 f i c ( % )  

S i t e  1-2 S i t e  3-4 G r a v i t y  S i t e  1-2 S i t e  3-4 - 
Lane 1, AC-5 
L i f t  1 2.529 2.515 2.686 5.85 6.38 

2.533 2.521 2.686 5.70 6.15 
L i f t  2 2.445 2.501 2.686 8.96 6.88 

2.457 2.471 2.686 8.53 8.01 
S i t e  Average 2.491 2.502 2.686 7.26 6.86 
Lane 1 Average 2.497 2.686 7.06 

Lane 2 ,  AC-20 

L i f t  1 2.473 2.521 2.686 7.93 6.14 
2.463 2.508 2.686 8.32 6.64 

L i f t  2 2.428 2.538 2.686 9.61 5.52 
2.466 2.496 2.686 8.19 7.08 

S i t e  Average 2.458 2.516 2.686 8.51 6.35 
Lane 2 Average 2.487 2.686 7.43 
--- 

Lane 3 ,  AC-5 

L i f t  1 - .  ? 498 2.472 
2.446 2.431 

L i f t  2 2.551 2.518 
2.490 2.459 

L l f t  3 2.488 2.518 
2.428 2.521 

L l f t  4 2.495 2.494 
2.471 2.440 

S i t e  Average 2.483 2.482 
Lane 3 Average 2.483 

Note: The f i r s t  measurement l ~ s t e d  f o r  each l i f t  i s  f o r  t h e  r i g h t  
wheel pa th .  The second measurement i s  f o r  t h e  l e f t  wheel pa th .  



Table 20. Percent a i r  voids from cores 
taken from the wheel paths (continued). 

Bulk Spec~fic Maxi mum A i  r Voids 
G r a v ~  t y  Spec] f i c ( %  > 

Site 1-2 S i t e  3-4 Gravity S i t e  1-2 Site 3-4 

Lane 4 ,  AC-20 

Lift 1 2.454 2.503 
2.a41 2.465 

L ~ f t  2 2.434 2 425 
2.394 2.399 

Lift 3 2.514 2.507 
2.492 2.538 

L i f t  4 2.418 2.523 
2.421 2.521 

Site Average 2.446 2.485 
Lane 4 Average 2.466 

Lane 5 ,  AC- 10 

L i f t  1 2.463 2.475 2.591 8.46 8.01 
2.418 2.476 2.691 10.16 7.97 

Lift 2 2.503 2.487 2.691 7.00 7.56 
2.478 2.509 2.691 7.93 6.76 

Llft 3 2.495 2.491 2.691 7.27 7.42 
2.484 2.499 2 691 7.69 7.14 

Llf t  4 2.447 2.466 2.691 9.07 8.37 
2.416 2.506 2.691 10.21 6.89 

Slce Average 2.463 2.489 2.591 8.47 7.52 
Lane 5 Average 2.476 2.691. 8.00 

Lane 6 ,  AC-28 

L l f t  1 2.464 2 494 2.686 8.27 7.15 
2 462 2.510 2.686 8.34 6.56 

Lift 2 2.452 2 489 2 686 8.69 7.33 
2.403 2.509 2 686 10.53 0.58 

ILlft 3 2.489 2.505 2.686 7.32 6.75 
2.415 2.506 2.686 7.87 6.71 

Ll ft 4 2.446 2.489 2.686 8 95 7.34 
2 435 2 462 2.686 9 36 8.32 

S~te Average 2.453 2.500 2.686 8.67 7 09 
Lane 6 Average 2.477 

Note The f~rst measurement 71sted for each lift 1s for the r l gh t  
wheelpath. The second measurement 1s for the  left wheelpath. 

4 2 



Table 20. Percent a i r  voids from cores 
taken from the wheel paths (continued] . 

B u l k  S p e c i f i c  Maxi mum A1 r Voids 
Grav I t y  Spec1 f i  c ( %  1 

S i t e  1-2 S i t e  3-4 G r a v i t y  S i t e  1 - 2  S i t e  3 -4  

Lane 7 ,  Styrel f 

L i f t  1 2.450 
2.413 

L i f t  2 2.419 
2.392 

L i f t  3 2.378 
2.291 

t l f t  4 2.383 
2.442 

S i t e  Average 2.396 
Lane 7 Average 2 

Lane 8. Novophal t 

L ~ f t  1 2.371 2.451 
2.387 2.467 

L ? f t  2 2.399 2.432 
2.433 2.453 

L i f t  3 2.416 2.442 
2.446 2.457 

L l f t  4 2.429 2.392 
2.370 2.442 

S l t e  Average 2.406 2.442 
Lane 8 Average 2.424 

Lane 9, A C - 5  

L j f t  1 2.392 2.494 
2.435 2.510 

l-1-ft 2 2.424 2.482 
2.445 2.518 

L ~ f t  3 2.461 2.450 
2.437 2.501 

L i f t  4 2.455 2.500 
2.438 2.480 

S ~ t e  Average 2 436 2.492 
Lane 9 Average 2.464 

- 
Note: The f i r s t  measurement l ~ s t e d  f o r  each l i f t  i s  f o r  t h e  r i g h t  
wheel pa th .  The second measurement 1s f o r  t h e  l e f t  wheel pa th .  



Table 20. Percent a i r  voids from cores 
taken from the  wheel paths (continued). 

Bulk Spec i f i c  Maximum A i  r Voids 
G r a v ~ t y  Speci f i c (%I 

S i t e  1-2 S i t e  3-a Grav i ty  S i t e  1-2 S i t e  3-4 

Lane 10, AC-20 

L i f t  

L i f t  

L i f t  

Si t e  
Lane 

1 2.443 
2.445 

2 2.408 
2.442 

3 2.471 
2.452 

4 2.477 
2.454 

Average 2.449 
10 Average 

p-- 

Lane 11, AC-5 

L i f t  1 

L i f t  2 2.482 2 .566  2.746 9.61 
2.540 2.575 2.746 7.51 

S i t e  Average 2.532 2.577 2.746 7.82 
bane 11 Average 2.555 2.746 6.99 

- ---- 

Lane 12, AC-20 

L ~ f t  1 2 595 2.579 2.755 5.82 6 39 
2 553 2.578 2.755 7.33 6 43 

L - ~ f t  2 2 523 2.560 2 755 8.43 7.07 
2 516 2 562 2.755 8.68 7.00 

S i t e  Average 2.547 2.570 2.755 7.57 6 72 
Lane 12 Average 2.559 2 .755 7.15 

Note. The f ~ r s t  measurement 1 lsted for each 1 l f t  i s  for  t he  r i g h t  
wheelpath. The second measurement i s  f o r  t h e  l e f t  wheelpath.  



Table 21. Average percent air voids from wheel path cores 
for all l i f t s ,  lower l i f t s ,  and upper l i f t s .  

Site 1-2 S i t e  3-4 

A1 1 Lower Upper All Lower Upper 
L i f t s  L i f t s  i l f t s  L i f t s  L i f t s  L i f t s  

Lane 1, AC-5 
Lane 2. AC-20 
Lane 3, AC-5 
Lane 4, AC-20 
Lane 5,  AC-10 
Lane 6, AC-20 
Lane 7, Sty re l f  
Lane 8,  Novophal t 
iane 9, AC-5 
Lane 10 ,  AC-20 
iane 11, AC-5 
Lane 12, AC-20 

NA = Not Appl-icable. Lanes 1 a n d  2 were t he  t h i n  pavements. 



5. Aggregate Blends f o r  the Laboratory Research Studies 

Based on the  q u a l i t y  cont ro l  and qua1 i t y  assurance data,  the  aggregate 
blends t o  be used i n  the  laboratory research studies were f i n a l i z e d .  These 
blends are shown i n  tab les  22 and 23 and i n  f i gu res  2 and 3. The ta rge t  b i n -  
der content was 4.85 percent f o r  the  SM-38 surface rnlxtures and 4 .0  percent 
f o r  t he  BM-3 base mixtures. The two gradat ions are s i m i l a r  below 9.5 mm. 

Marshal i specimens fabr ica ted  from the  stockpi  l e d  mater ia ls  were tes ted  
as a f i n a l  check on the  aggregate blends. The data are g iven i n  t a b l e  24. 
Included i n  t h i s  t a b l e  are the  average data f o r  t he  plant-produced mixtures,  
based on the  data i n  t a b l e  13. The data I n  t a b l e  13 were generated i n  the  
TFHRC Bituminous Mixtures Laboratory, except f o r  the  average binder contents, 
~dhich were generated ~y the  paving cont rac tor .  The two sets o f  data i n  
t a b l e  24 are s i rn i la r .  For example, the  di r  voids f o r  t he  plant-produced 
mixtures ranged from 2.5 t o  4 . 1  percent,  whj le  the  a1 r voids f o r  t he  labor -  
atory-prepared mixtures ranged from 2 .9  to  4 . 3  percent .  

The small d i f ferences i n  the proper t ies  o f  t he  m ~ x t u r e s  were probably 
r e l a t e d  t o  small d i f fe rences I n  t he  cornposlt~ons o f  t he  mixtures and t o  
d i  f ferences ~n shor t  -term aging. The 1 abora tory-prepared mixtures were 
oven-aged a t  135 "C f o r  2 h before compdction. T h ~ s  shor t - term ovev-aging 
procedure was based on the  average amount o f  age hardening t h a t  occurred 
dur ing nn x ture  product1 on and paveinent const ruc t r  on. The p l a n t  -produced 
loose rnixtinres were not  oven-aged i n  the labora tory  before compaction. 

The development o f  the  2 - h  oven-aging per iod  w i  11 be discussed i n  a 
f u t u r e  FHWA repor t  on t h i s  study It i s  important t o  establ  i sh accurate 
aging periods because the  amount o f  aglng can have a s l g n l f i c a n t  lmpact 
on the proper t ies  o f  a m ~ x t u r e .  For example, the  AC-20 surface mix ture  
uslng a binder content o f  4 55 percent provided an average a ~ r - v o i d  l eve l  
o f  2 9 percent w i t h  oven-aging and 1 6 percent wi thout  oven-dying. 



Tab1 e 22. Aggregate propert ies f o r  the SM-3B surface mixtures. 

Aggregate Gradations , Percent Passi ng : 

Sieve 61% 30% 8% 1% 
Size No. 68 No. 10 Natural Hydrated 
(mm) VA Trap Rock Diabase Sand Lime Target Blend 

Speci f i  c Grav i t ies  and Percent Absorption : 

B u l k D r y  2.943 2.9P4 2.565 2.892 
Bulk SSD 2.962 2.945 2.601 2.916 
Apparent 2.999 3.007 2.659 2.262 2.961 

% A b s  '0.6 1.1 1 . 4  0.8 

Los Angel es Abrasion, Percent Weight Loss : 

F l a t  and Elongated Par t i c les  a t  a 3 - t o - I  (Length-to-Thickness) 
Rat io,  Percent by Weight: 

Bulk Dry = Bulk-Dry Spec i f i c  Gravi ty  
Bulk SSD = Bulk-Saturated-Surface-Dry Spec i f i c  Gravi ty  
Apparent = Apparent Speci f i c  Gravi ty  

%' Abs = Percent Water Absorption 
NT - Not Tested 



Table 23.  Aggregate propert ies f o r  BM-3 base mixtures. 

Aggregate Gradat ions, Percent Passing: 
, 

Sieve 41% 15% 38% 5% 1 % 
S ize  No. 357 No. 8 No. 10 NatWral Hydrated 
(mm) - Luck Stone habase  Sand Lime Target Blend 

- 
S p e c ~  f i  c Gravl t i e s  dnd Percent Absorpt ion:  

Bulk Dry 2.971 2.956 2.894 2.565 2.907 
Bulk  SSD 2.984 2.981 2.935 2.601 2.934 
Apparent 3.013 3.030 3.017 2.659 2.262 2.987 

% A b s  0 .5  0.8 1 . 4  -1 ~ 4 0.9 

Los Angeles Abrasion. Percent Weight Loss : 

F l a t  and Elongated F a r t i c l e s  a t  d 3 - t o - 1  (Length- to- - ih ickness)  
R a t i o ,  Percent by Weight: 

18.7 12.0 N T N T 

Bulk Dry = Bul k-Dry S p e c i f i c  G rav i t y  
B u l k  SSD - Bulk-Saturated-Surface-Ory S p e c ~ f ~ c  Grav i t y  
Apparent = Apparent Spec1 f i  c Gravi t y  

% Abs - Percent Water Absorpt ion 
NT - Not Tested 







Tab1 e 24. Comparison o f  the Marshall properties o f  the plant -produced 
mixtures t o  the Marshal 1 properties o f  the 1 aboratory-prepared mixtures. 

J Opt I mum 
Binder A1 r 

Binder Content Stability F low Voids VMA V FA 
Mix Type Type ( % )  MSG ( N )  ( 0 . 2 5  mm) (%I ( % I  ( % )  

F l  ant -Produced Mixtures 

Surface AC-5 4.80 2.683 1 2 4 0 0  15.0  2 . 8  14.1 80.2  
Surface AC-10 4 .80  2 .691 13 000 16.0  2 . 7  13 .8  80.4  
Surface AC-20 4.90 2.688 15 200 1 6 . 0  2 . 5  13 .8  81.7  
Surface Novophalt 4 .70  2.686 16 600 21.0 4 . 1  15.1 72.8 
Surface S t y r e l f  4 .90  2.684 19 800 1 6 . 0  3 .4  1 4 . 7  76.9 
Base AC - 5 4.00 2.746 13 700 13 .0  2.5 1 1 . 6  78 .4  
Base AC-20 4.10 2.755 1 6 4 0 0  13.0  3 .4  12.2 7 2 . 1  

Laboratory-Prepared Mixtures 
P - 
Surface AC-5 4 .85  2.699 11 500 15.0  3 . 0  1 3 . 9  78 .4  
Surface AC- 10 4.85 2.707 12 000 15.0  3 , 6  1 4 . 1  74.5 

Surface AC-20 4.85 2.706 1 1 2 0 0  18 .0  2 . 9  13.5 78 .5  
Surface Novophalt 4 .85  2.699 16 100 1 7 . 0  4 . 2  14 .9  71.8  
Surface Styt re l f  4.85 2 .701  18 500 23.0 4 . 0  1.4.7 72.8 
Base AC-5 4.00 2.750 1 3 3 0 0  1 3 . 0  4 . 3  1 3 .  67 .2  
Base AC - 20 4 .00 2.750 1 4 2 0 0  12.0  4 .2  1 3 . 0  67.7  

Note: The s t a b i l i t i e s  o f  the  base mixtures have been d i v ~ d e d  by 2.25,  
and the  f lows by 1 . 5 ,  t o  account f o r  t h e  d ~ f f e r e n c e s  In speclrnen s i ze .  

Marsha 11 Design Blows: 
Surface = 75 
Base = 112 

Compaction Temperatures : 
AC-5 = 121  '"C 
AC-10  = 127 "C 
AC-20 = 135 "C 
Novopha l t = 141 "C 
S t y r e l f  = 141 " C  

MSG = Maximum S p e c i f ~ c  Gravi ty  o f  the Mix tu re  
VMA = Voids I n  the  f i l~nera l  Aggregate 
VFA = Vo~ds F i l l e d  W ~ t h  Asphalt 
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