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PART ONE - INTRODUCTION 

1.1 RESEARCH OBJECTIVE 

The  addition of natural  and synthet ic  compounds to  bituminous mixtures in 

order  to improve specific performance properties is becoming more and more  

popular. There a r e  dozens of these  asphal t  additives on t h e  market  today, many 

touted as increasing cracking resistance, low tempera ture  flexibility, and overall 

durability. The  purpose of this study is to determine the  costs and benefi ts  

associated with t h e  use of selected additives in field installations. 

This research study will proceed in two stages. In Stage I, the  use of 

additives in t h e  top  course of full depth bituminous construction will be  

investigated. S t age  I1 will be  devoted to the  use of asphalt additives in overlay 

construction. This report  documents t h e  construct ion of asphalt additive- 

modified sur face  course on new full-depth bituminous pavement. Initial 

laboratory and field test results a r e  also presented. 

1.2 MATERIALS IN TEST 

Since the  mid-l960s, asphal t  additive research and development has been 

increasing significantly. In t h e  las t  five years, t h e  NJDOT's Materials 

Commi t t ee  has been inundated with l i t e ra ture  extolling the  virtues of numerous 

problem-solving additives. Many of these additives increase the  initial construc- 

tion cost  considerably, but  are claimed to decrease long-term maintenance cos ts  

and hence, overall life-cycle costs. A review of t he  l i t e ra ture  reveals t ha t  t he  

states a re  showing more interest  in using additives to  solve problems of 

premature  pavement distress. Following extensive laboratory testing, f ive 

additives were chosen for  field evaluation by the  NJDOT: Chemkrete ,  Texcrete ,  

Solar Laglugel, 3 W s  #5990, and Plus Ride. The bid prices for t h e  Department 's  

s tandard mix and for  each  additive-modified mix are shown in Table 1. 
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TABLE 1 

INITIAL COST OF ADDITIVE CONSTRUCTION 

I t em 

Standard 1-4 Mix 

Chem kre te 

Texcre te 

Solar Laglugel 

3M's !I5990 

Plus Ride 

- Bid P r i ce  (per ton  mix) 

$ 25.90 

35.00 

$7 .OO 

43.00 

114.00 

56.00 

Chemkre te ,  manufactured by t h e  Lubrizol Corporation, is a heavy me ta l  

(Manganese)-based addi t ive which was premixed with AC-I0 asphal t  at a r a t e  of 

one-to-thirty by weight. The  manufacturers '  claims are increased s t rength  and 

lower t empera tu re  susceptibility. 

Texc re t e  Latex  is a synthet ic  rubber emulsion (69% rubber solids) 

manufac tured  by Dow Chemical  Corporation. I t  was added t o  t h e  pugmill 

through a port  c u t  for this  purpose, t en  seconds a f t e r  t h e  addition of XC-20. T i e  

l a t ex  solids replaced 3% of t h e  required asphalt  cement .  La tex  rubber is c la imed 

to reduce brit t leness,  increase toughness and crack  resis tance,  and to improve 

s tabi l i ty  at high temperatures .  

Solar Laglugel is a nylon resin formulation supplied by Solar  Asphalt of 

Amer ica ,  Inc. I t  was supplied, premixed with AC-20, in a ra t io  of 1.33% by 

weight of t h e  AC-2C). Solar Laglugel is  designed to increase ru t t ing  resistance,  

improve low tempera ture  flexibility, and resist  stripping. I t  has been used 

previously in Yew Jersey  on county and township roadways. 



Asphalr Concre te  Stabil izing Additive /I5990 is  a product of 3M 

Corporation. I t  consists of a granular polyolefin blend, which was fed at a rate 

of 8.33 pounds per one  ton of mixture  into t h e  pugmill by conveyor a f t e r  normal  

mixing for twen ty  seconds. I t  is c la imed t o  increase ru t t ing  and wear res i s tance ,  

and to improve low t empera tu re  flexibility. This product  was originally 

marke ted  overseas  under t h e  name  "Asphadur" and has shown promise in our  

labora tory  tes t ing  program. 

Plus Ride  is a proprietary bituminous conc re t e  mix designed by t h e  All 

Seasons Surfacing Corporation. I t  consists of a gap-graded mix design, in which 

rubber granules,  obtained f rom grinding scrap  automobile t i res ,  a r e  subst i tuted 

f o r  t h e  aggrega tes  omi t ted  f rom t h e  gap. Three  percent  rubber  (by weight)  was 

incorporated into t h e  bituminous mix by blending aggrega te  and rubber in the  

pugmill for  f i f teen  seconds prior to introducing t h e  asphal t  cement .  Plus Ride's 

design permits  a high percentage  of AC-20 to be  used in t h e  mix (7.7% in this  

mix design) and is claimed to increase  flexibil i ty,  durability, skid res i s tance ,  

c r a c k  resistance,  and to promote self-deicing of t h e  pavement.  

1.3 TEST PROJECT 

The  field locations se lec ted  for this research s tudy a r e  t h e  newly 

constructed,  northbound lanes  of Rou te  N J  41, Sect ion 3A in Cherry  Hill (see 

Figure 1). This portion of Route  41 is a high-volume roadway (1983 AADT: 

11,200 VPD) with predominantly re ta i l  business on t h e  southbound and a most ly  

res ident ia l  community on t h e  per imeter  of t h e  northbound roadway. T h e  

construct ion of this  widening and realignment project  commenced  in t h e  summer  

of 1983. The  southbound roadway and all but  t h e  1%-inch t o p  course on t h e  

northbound roadway were completed prior to January,  1984. Construct ion of t h e  

t o p  course was delayed by t h e  onset  of cold weather .  



FIGURE 1. LOCATIOPI OF ROUTE 41, SECTION 3; PROJECT 

KEY 
1 Control (1-4) Section 592+36 to 611+50 
2 Chemkrete-Modified Section 611+50 to 628+90 

3 Texcrete-Modified Section 628+90 to 646+50 
4 Solar Laglugel-Zodified Section 646+50 to 663+75 
5 31.1's +5990-Vodified Section 663+75 to 681+10 
5 Plus Xide Section 681+10 to 698+50 
7 Crushed Gravel Section 698+50 to 7071-50 ( ' , ?  E S B )  

- 



The northbound lanes  on Route  41, Section 3A consist of two twelve-foot 

driving lanes and a twelve-foot shoulder. The  driving lanes  utilized full-depth 

construction: 6 inches of subbase (1-21, 6 inches of gravel base (I-5), 6 inches of 

bituminous stabil ized base course,  1 H inches of medium aggrega te  bituminous 

concre te  (MABC) bottom course and 1 H  inches of additive-modified bituminous 

conc re t e  (AMBC) t o p  course (see Figure 2). The  shoulder was cons t ruc ted  with 6 

inches of subbase (1-21, 8 inches of gravel base (1-51, 4 inches of bituminous 

stabil ized base, 1!/2 inches of MABC bot tom course and 1% inches of t o p  course  

composed of t h e  AMBC. Each test section, approximately 1740 feet in length,  is 

composed of 600 tons of additive-modified bituminous concrete .  

The  northbound roadway was open to t r a f f i c  (minus the  1% inch top  course)  

through t h e  1983-1984 winter and spring without any apparent  problems. Cross- 

sections,  rolling s t ra ightedge and Mays me te r  d a t a  were col lected in  April, 1984, 

prior to construction of t h e  t o p  course so as to note  any sur face  distortions on 

t h e  binder which may be  a f ac to r  in t h e  fu tu re  performance of t h e  test sections.  

1.4 RESEARCH METHODOLOGY 

1.4.1 General: This research study will be conducted in two s tages .  

S t age  I consists of the  construction and five-year evaluation of t h e  test sec t ions  

on Route  41, Section 3A. Stage  11 provides for  t h e  construction and five-year 

evaluation of AMBC overlay test sections. Many asphalt  additives cur ren t ly  in  

t h e  market,  including those used on Route  41, a r e  claimed to  prevent or r e t a rd  

distress typical i n  resurfacings, such as ref lect ion cracking. These claims will be  

addressed in S tage  I1 of this study. 

S tage  I, t h e  evaluation of AMBC used in t h e  top  course of full-depth 

construction, allows for  t h e  opportunity to study each  additive-modified mix 



F I G U R E  2 -  T Y P I C A L  S E C T I O N  

R O U T E  41 NB, S E C T I O N  3 A  

SHOULDER 

I m 
1 ;  

DlTlVE - MODIFIED BITUMINOUS CONCRETE, I '/*" THICK 

BASE COURSE , 4'' THICK 

BITUMINOUS STABILIZED BASE COURSE, 6" THICK GRAVEL BASE COURSE, 

GRAVEL BASE COURSE, I - 5 ,  6" THICK 

SUBBASE , I -  2,6" THICK 



-7- 

under controlled conditions. The  en t i re  length of t h e  job should provide 

equivalent performance f rom the  subbase t o  t h e  top course,  varying only in t h e  

additive-modified t o p  1K inch course.  Future  performance of t h e  roadway should 

be indicat ive of t h e  effect of t h e  additives incorporated in to  t h e  t o p  course.  

Two control  sect ions were constructed at t h e  Rou te  41 location. A t  t h e  

southern end of t h e  project ,  t h e  control  sect ion has a s tandard MABC (1-4) 

wearing course.  A t  t h e  northern end of t h e  project ,  t h e  control  section has a 

crushed gravel f r ic t ion course. Between these  control sect ions,  t h e  f ive 

additive-modified test sect ions were  placed contiguously. These seven sect ions 

were constructed in an eight-day period. 

1.4.2 Field Perf wmance:  Field performance of t h e  additive-modified 

test sect ions will be judged relat ive to t h e  two  control  sections.  Biannual 

inspections of t h e  surface condition of each sect ion will be conducted. Extent  of 

cracking, rut t ing,  skid resis tance,  and roughness will be determined.  Tex tu re  

measurements  will be made if texture-related problems become apparent .  

BIANNUAL PROGRAM OF FIELD TESTS 

Description of Tes t  Proper ty  Measured 

1. Condition Survey Extent  of Cracking 

2. Rut  depths  Extent  of Rut t ing  

3. Cross-Sections Surface  Deformation 

4. 10-ft. Rolling Straightedge Roughness 

5. ASTM E-274 Skid Resis tance 

6 .  Mays Ridemeter  

7. Sandpatch Texture  

Present  S e r  vi cea bil i t y I nd e x 
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1.4.3 Laboratory Performance: As par t  of t h e  laboratory evaluation of 

t h e  additive-modified mixes, Marshall specimens,  mixture  samples,  and liquid 

asphal t  cemen t  samples were obtained. Tempera ture  susceptibil i ty .vill b e  

quant i f ied for those additives which can  b e  premixed with asphal t  cement .  Also, 

res i l ient  modulus, using the  Mark V Resil ient Modulus Non-Destructive Test ing 

Device,  will b e  determined. These las t  two measures  a r e  "special" tests, 

designed to quantify some of t h e  unique propert ies  claimed by the  proponents of 

additive-modified bituminous concrete .  The resilient modulus test method is 

presented in Appendix A. 

Eight cores  per test sect ion were tes ted  for density and percent  a i r  voids. 

Three  cores  per sect ion were  ex t rac ted  for composition analysis and Abson 

recovery.  During the  five-year evaluation period, t h ree  core  samples  per test 

sec t ion  will be  checked for voids, density,  and asphalt  properties.  Yuclear  

densi ty  measurements  will b e  taken to complement  these  data. 

ANNUAL PROGRAM OF LABORATORY TESTS 

1. Composition Analysis 

2. Asphalt  Propert ies  

a. Viscosity at 140°F 

b. Viscosity at 275'F 

c. Penetrat ion at 77'F 

3. Percent  Air Voids 

4. Density 

5 .  Resilient Modulus 
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PART TWO- CONSTRUCTION 

2.1 GENERAL 

Prior  to  top course construction, Route  41, Section 3A northbound was 

swept  and s ta t ions were  marked on the  curb every twenty-five feet. Each  

morning, before paving, t he  longitudinal cold joint from the  1983 southbound 

construct ion was c u t  vertically using a front-end loader f i t t ed  with a c i rcu lar  

saw. This joint was squared off t h e  length of t he  test sect ion scneduled for t h e  

day, then cleaned and tacked. 

Top course construction on Route  41 NB began on August 1, 1984. The  job 

was scheduled t o  run seven working days, mixing and placing one special mix per  

day, including an 1-4 control  section and a crushed gravel  friction course section. 

The  work was completed according to the  following schedule: 

TABLE 2 

DAILY CONSTRUCTION LOG 

D a t e  

81 1/84 

81 21 84 

81 31 84 

8/4/84 

81 6/84 

8/7/84 

8/8/84 

Mix 

C he m kre te 

Texcre te 

Solar Laglugel 

3M's /I5990 

Plus Ride 

Crushed Gravel  

Control  

- Stat ions (NB) 

611 + 50 to 628 + 90 

628 + 90 to 646 + 50 

646 + 50 to 663 + 75 

663 + 75 to 681 + 10 

681 + 10 to 698 + 50 

698 + 50 to 707 + 50 (NB ti SB) 

592 + 36 to 611 + 50 

Avg. 
Air Temp. 

80°F 

80°F 

78'F 

82'F 

78'F 

SOOF 

76'F 
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The tempera ture  throughout this period ranged f rom 75'F t o  90°F. ExceFT 

for  a slight half-hour drizz!e on day 2, the  job was completed under c l ea r  skies. 

The cont rac tor  for The job was Conti  Construction Company, and t h r e e  

asphai t  plants (owned by Trap  Rock Industries) were  used fo r  producing t h e  

mixes. The  mixes containing the  liquid binders (i.e., Chemkre te ,  Texcre te ,  and 

Solar Laglugel), and t h e  Crushed Gravel  Fr ic t ion course were  produced at Trap  

Rock's Florence,  New Je r sey  plant. This is a baghouse type  batch plant. (See 

Figure 3.) 

The mixtures containing the  solid additives (3M's /I5990 and 'Slus Ride)  

were  produced at t h e  Columbus plant,  a wet  scrubber-type ba tch  plant,  adapted  

wi th  a conveyor feed sys7em for  introducing the  additives t o  the  pugmill ( see  

F igure  4). Initially, t h e  I-& control  mix was produced at t h e  Runnemede plant.  

E lec t r ica l  problems at t h e  plant forced an unexpected shutdown before  t h e  I-$ 

sect ion was completed.  The  remainder  of t h e  1-4 mater ia l  was produced at t h e  

F lorence  plant. 

An average 0.02 gal. per sq. yd. of RS-1 t ack  coa t  was applied to t h e  binder 

prior to paving t h e  t ravel  lanes and shoulder. All t r a f f i c  was immediately 

shif ted to run on t h e  shoulder, so the  tack  coa t  was t racked  consideraj ly  in the  

shoulder before  being overlaid. The northbound sur face  course was placed in 

t h r e e  passes: t h e  inside lane was paved f i r s t ,  then t h e  outs ide lane, and finally, 

t h e  shoulder. A Blaw-Knox PF-500 paver was used throughout t he  job. Steel-  

wheeled rollers (one three-wheel breakdown and one vibratory finish roller) were  

used f o r  compaction. Except  fo r  minor problems resolved with the  f i r s t  two  

t ruckloads of each  special  mix, t he re  were no difficult ies paving or compact ing 

any of t he  bituminous mixes. 
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F I G U R E  3. TRAP R O C K ' S  FLORENCE, NEW J E R S E Y  P L A N T  

F I G U R E  4. TRAP R O C X ' S  COL!JFlBUS,  NEN JERSEY P L A N T  
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2.2 DEVELOPMENT OF MIX DESIGNS A Y D  SAMPLING PLAN 

The  special additive-modified mixes required tha t  special a t ten t ion  b e  

given to  mix design, sampling, and testing. The  Bureau of Materials took The 

lead in modifying standard mix designs and sampling plans so as t o  ensure t h e  

high quality of t h e  additive mixes. The  mix designs a r e  presented in Appendix a. 

Some of t he  additives used required higher mixing and laydown 

tempera tures  than standard, as well as special mixing and compact ing procedures 

(see Table  3). To ensure tha t  these  unique mixing and laydown tempera ture  

specif icat ions were achieved, t he  tempera ture  of each truckload of mater ia l  was 

checked at  the  plant, as well as on the  road. For  fu ture  reference,  each  

t ruckload placed in the  driving lanes was also located by s ta r t ing  and ending 

station. 

Five truckloads of each additive-modified mix were sampled each  day. T h e  

sampling and tes t ing program is outlined below. 

SAMPLING A N D  TESTING - each  mixture 

5 Mixture samples  

a. Composition Analysis 

b. Abson Recovery 

2 Liquid Asphalt Cement  samples 

a. Viscosity at 140°F 

b. Viscosity at 275'F 

c. Penetrat ion at 77'F 

d. Flash Point COC O F  

e. Test on Residual Asphalt a f t e r  Thin Film Oven Test  

1. Loss on Heating 

2. Viscosity at 140°F 



TABLE 3. HANDLING ADDITIVE-MODIFIED M I X E S  

NAME OF 
SPECIAL M I X  

CHEMKRETE 

TEXCRETE 

SOLAR 
LAGLUGEL 

3M'S 
#5990 

PLUS 
R I D E  

METHOD OF 
ADDING THE M I X I N G  M I X I N G  

ADDITIVE PROCEDURE TEMPERATURE 

P r e b l  ended Norma 1 Norma 1 
w i t h  AC-10 Dry & Wet ( 28OoF) 

M i x i n g  
Times 

Me te red  Normal Dry, 325OF-36OoF 
i n  g a l l o n s  Add AC-20 

M i x  10 sec, 
Add L a t e x ,  

M i x  8-10 sec.  

P r e b l  ended Normal Normal 
w i t h  AC-20 Dry & Wet ( 28OoF) 

M i x i n g  
Times 

Preweighed Normal Dry, 375OF Min. 
bags Add AC-20, 

(25  l b . )  M i x  20 sec, 
Add #5990, 
M i x  60  sec.  

Preweighed Normal Dry, 300°F-350°F 
bags Add r u b b e r  

(50 l b . )  M i x  15 sec, 
Add AC-20 
M i x  t i l l  
un i f orni . 

LAY DOWN 
TEMPERATURE 

Norma 1 
( 29OoF) 

3OO0F M in .  

Normal 
( 29OoF) 

35OoF 

3OO0F Min.  

AMOIINT OF 
ADD I T 1  VE 

COMPACTION USED 

Norma 1 30 P a r t s  
AC-10 t o  
1 P a r t  
Cheiiik r e  t e  

I m m e d i a t e l y  0.55 q a l .  
b e h i n d  Paver  p e r  I.on 

o f  m i x  

I 
I- '  
W 
I 

Normal 1.33 l b s .  
P e r  I00 l b s .  
o f  AC-20 

I m m e d i a t e l y  8.33 l b s .  
b e h i n d  Paver  p e r  t o n  

o f  m i x  

I m m e d i a t e l y  60 l b s .  
b e h i n d  Paver  p e r  t o n  

o f  m i x  
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29 Marshall Specimens ( 4  per each mix sample) 

a. 

b. 

c. 

d. 

7 for  one day ~MarsSall 

5 for  nine day Marshall 

5 for  one day indirect  tensile test 

3 for  fu ture  resilient modulus test 

The  above program was used for all mixes except  Chemkrete .  The 

following slightly modified program was used for t h e  Chemkre te  samples: 

19 tMarshall Specimens 

a. 

b. 

c. 

d. 

e. 

f. 

5 for one day Marshall 

5 for nine day LMarshall 

1 for 134 day Marshall 

3 for  one day indirect tensile test 

3 for  nine day indirect tensi le  test 

2 for future  resilient modulus test 

The  results of these initial laboratory tests a r e  discussed in P a r t  Three  of this  

repor t  and are tabulated in Appendices C and D. 

2.3 FIELD OBSERVATIONS 

2.3.1 Chernkrete Modified Section: The  Chernkrete-modified asphal t  was 

supplied preblended to the  Florence plant and consisted of th i r ty  par t s  AC-I0 t o  

one par t  Chernkrete. Otherwise, t he  mix design is the  same  as for the  project  

control  job mix formula. Chemkrete-modified mix was produced and placed 

using s tandard procedures. The average paving tempera ture  was 29OoF. The mix 

appeared slightly dr ier  than s. standard 1-4 and exhibited a slight amount  of 
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swelling on compactioo. Small c racks  spaced every  f ew inches (heat checks)  

appeared a f t e r  compaction, bu t  healed a f t e r  a night of t raff ic .  T h e  Chemkre te  

sect ion appeared tender two hours a f t e r  compact ion and f e l t  spongy, yielding to 

f o o t  pressure t h r e e  hours after laydown, at which t i m e  t r a f f i c  was allowed back 

on t h e  section. However, t h e  sect ion did stand up to t r a f f i c  overnite,  scarr ing in 

only a few locations where apparent ly  sharp  turns  were  made  by vehicles (see 

Figure 5). One week l a t e r ,  t hese  scars  were less noticeable; t he  bituminous 

surf ace healed somewhat under t raff ic .  

2.3.2 Texcrete-Modified Section: The  Texcre te  latex-modified 

bituminous concre te  required slight plant modifications,  but  no change to t h e  1-4 

mix design was required. The  l a t e x  was supplied in  55 gallon drums and was 

m e t e r e d  through a system provided by Texc re t e  in  a t ra i ler  and introduced t o  t h e  

pugmill through an access port  which was c u t  for  th i s  purpose (see Figures  6 ,  7). 

L a t e x  rubber was incorporated in to  t h e  mix at t h e  r a t e  required t o  yield t h r e e  

pe rcen t  rubber solids by weight of AC-20. Af t e r  mixing t h e  aggrega te  and AC- 

20 f o r  10 seconds, t h e  la tex  was injected in to  t h e  pugmill, t hen  mixed a n  

additional 10 seconds. Mixing t empera tu re  was designed to resul t  in a mix 

discharge tempera ture  of 325'F to 360°F. The  discharge t empera tu re  require- 

men t s  were not difficult to achieve,  with tempera tures  ranging f rom 325'F t o  

350'F and laydown tempera tures  f rom 3 10°F to 350°F. 

The f i rs t  truckload at 325'F was dumped into t h e  cold paver,  cooling 

rapidly,  and thereby  making t h e  mix sticky and difficult  to work. The  addi t ive 

manufac turer  specified a 300°F minimum laydown tempera ture ,  but when m a t  

t empera tu res  fell below 3 10°F, raking appeared more  difficult. Subsequent loads 

were  ho t t e r  and paving was completed without fur ther  difficult ies.  

2.3.3 Solar Laglugel-Modified Section: Solar Laglugel was premixed with 

AC-20, at a r a t e  of 1.33% by weight. The  mix design was otherwise t h e  s a m e  as 
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F I G U R E  5. SCAR IPI CHEPNRETE S E C T I O N  

FIGURE 6 .  T E X C ? E T E  * C ‘ IETE3 ING S‘f STEM 
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FIGURE 7. P L A N T  M O D I F I C A T I O N S  FOR T E X C R E T E  
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the  1-4 control  job mix formula.  The AC-20/Solar Laglugel mixture  was 

circulated in t h e  tank overnight and continued recirculat ing in t h e  morning 

before  and during use. Normal pugmill mixing and paving procedures  were 

followed. Paving tempera tures  ranged f r o m  275'F t o  320°F. Workers 

complained of an odor behind the  paver, but this  appeared to b e  only a minor 

nuisance. Af t e r  compaction, a slight, waxy sheen  fo rmed  on t h e  pavement  

sur face ,  but seemed to have no deleterious e f f e c t  on t h e  section. An interest ing 

observation made  about this sect ion was that ,  when t h e  t r m s v e r s e  cold joint was 

c u t  t h e  following day, t h e  en t i re  twelve-foot sec t ion  of S d a r  Laglugel mix broke 

off in one piece. This suggests t h a t  t h e  Solar Laglugel-modified mix was more  

cohesive than t h e  o ther  mixes. 

2.3.4 3M's #5990-Modified Section: 3M's a5990 additive-modified conc re t e  

was produced at t h e  Trap Rock Columbus plant using an 1-4 mix design. The  

addi t ive was supplied in preweighed bags which were emptied onto a conveyor 

belt  running to t h e  pugmill (see Figure 8). Twenty-five pounds of addi t ive were  

used per  three-ton batch. Af te r  20 seconds of mixing AC-20 with aggregate ,  t h e  

addi t ive was dropped in to  t h e  pugmill and mixed fo r  another  60 seconds. 

Discharge tempera tures  were required to b e  a minimum of 375'F. Minimum 

laydown t empera tu re  of 350°F was required. The  Columbus plant was ilsed 

because the  high tempera tures  required prohibited the  use of a baghouse dust  

col lector .  

This mix arrived at t h e  site, ranging f rom 350°F t o  375'F, except  for  t h e  

first truck. The f i rs t  t ruck had cooled t o  330°F, so i t  was decided to unload i t  

second, a f t e r  t h e  paver had hea ted  up. This s t r a t egy  was successful; at 330°F no 

laydown problems were encountered. Some trucks were clnloaded at as high as 

375'F (90°F above New Jersey  standard laydown tempera ture) ,  producing an 
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excess  of smoke behind the  paver and causing the rake men t o  drop back. During 

finish rolling, t h e  31iI representat ive at the  s i te  observed t h a t  t he  steel-wheeled 

rollers tended t o  shove the  mat  slightly. The roller operator  was cautioned to  

minimize side-to-side motions of t h e  equipment. 

2.3.5 Plus Ride-Modified Section: Plus Ride was also mixed at t h e  

Columbus plant, since t h e  conveyor system was already in place. Three  50-pound 

bags of rubber granules were used per 2%-ton batch. Although the  sheer ,  

polyethylene bags were used in t ac t ,  many of t h e  bags had split open and spilled 

over  t h e  makeshift loading d o c k  s t ronger  bags should be required in t h e  future .  

As noted ear l ier ,  Plus  Ride requires a special g a p g r a d e d  mix design (see 

Appendix B) with a t a rge t  asphal t  cemen t  conten t  of 7.7%. The Plus Ride mix 

was extremely wet, taking on t h e  appearance of a wet ,  coarse, open-graded mix 

(see Figure 9). Tempera tures  at the  plant ranged f rom 290°F to 370°F (Target: 

300-350°F). A t  t h e  site t h r e e  truckloads under 300°F were extremely difficult 

to handle; t h e  mix seemed to become more sticky as i t  cooled. The  most unique 

charac te r i s t ic  of t h e  mix was t h a t  t h e  truckloads of mix, ra ther  than being 

mounded, arrived at the  s i t e  completely level (see Figure 10). Complaints f rom 

t h e  t ruck  drivers t h a t  t h e  Plus  Ride ruined their  t a rps  (they could not be cleaned) 

appeared justified. A t  f i rs t ,  compact ion was diff icul t  because t h e  rubberized 

mix s tuck to t h e  breakdown rollers. The  use of a soapy solution for  lubrication 

alleviated this pro blem. 

Smoke and odor problems were reported during t h e  construction of this test 

section. Another problem developed when t h e  t ack  coat distributor t ruck  fai led 

to work properly. A thick and highly variable t a c k  coa t  was spread on this 

sect ion,  averagmg 0.03 gallons per square yard. Several  puddles of t ack  coat had 

t o  be ladled UP with shovels. Still, t a c k  coa t  could be seen to bleed up through 
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F I G U R E  9. P L U S  R I D E  MAT 

F I G U R E  10. LEVEL LOADS OF P L U S  R I D E  



-21- 

t h e  m a t  a lmost  immediately.  T h e  location of t h e  worst  a r e a s  were documented 

and this  .will be  taken  in to  account  in f u t u r e  per formance  evaluations.  

2.3.6 Control  Sect ion (Mix 1-4k The control  sect ion,  which runs from t h e  

R o u t e  70 - R o u t e  41 c i rc le  on t h e  south end of t h e  job to  Daytona  Avenue, was  

placed without  major difficult ies.  T h e  1-4 produced at t h e  Runnemede  plant was 

placed on t h e  inside lane and f rom 602 + 80 to  611 + 50 o n  t h e  outside lane. 

Plant  shutdown made i t  necessary to comple te  t h e  job at t h e  Florence plant.  

This m a t e r i a l  was placed f rom t h e  c i rc le  t o  602 + 80 on t h e  outs ide lane and on 

t h e  shoulder f rom t h e  c i rc le  to 611 + 50. T h e  direct ion of paving for t h e s e  

northbound lanes was north to south,  so as to  minimize t r a f f i c  problems at t h e  

circle. 

Tack  coat distribution problems which plagued construct ion on August 6 

and 7 were minimal throughout t h e  control  section. Only at  t h e  north end of t h e  

cont ro l  s t r i p  was t h e  t a c k  coat excessive. 

2.3.7 Crushed Gravel  Fr ic t ion Course: A crushed gravel  f r ic t ion course 

was instal led on t h e  sixth day of t h e  R o u t e  41 project. T h e  north end of t h e  job, 

a t igh t  inclined c u r v e  with ramps to R o u t e  73 and R o u t e  35, required a high skid 

res i s tan t  surface.  T h e  crushed gravel  f r ic t ion  course  was produced at  t h e  

F lorence  plant and was placed in both t h e  northbound and southbound lanes. 

As  an adjunct  t o  this  project,  skid resis tance and road roughness 

measurements  on t h e  various test sec t ions  will be compared to those obtained on 

th i s  f r ic t ion  course,  as well as those on t h e  1-4 control  section. 



-22- 

PART THREE - TEST RESULTS A N D  DISCUSSION 

3.1 GENERAL 

The  results of t h e  initial laboratory and field tes t s  a r e  discussed below. .411 

laboratory testing was performed by t h e  NJDOT Cent ra l  Laboratory in Trenton,  

New Jersey. Marshall test results represent an average of t h e  one and nine day 

tests unless otherwise noted. The additional aging had l i t t l e  or no effect on t h e  

mixes. Resilient modulus t e s t s  have not yet been performed. Laboratory tes: 

da t a  is tabulated in Appendices C, D ,  and E, and i l lustrated graphically in 

Figure 11. Initial f ield test results a r e  discussed in Section 3.3. 

3.2 LABORATORY TEST RESULTS 

3.2.1 Chemkrete-Modified ,Mix: The  average Marshall stabil i ty was 730 

pounds; this would not comply with t h e  New Jersey  standard specification of 

1,000 pound minimum stability. However, t h e  claim of the  manufacturer is That 

Chemkrete-modified bituminous concre te  s t a r t s  ou t  with a lower stabil i ty and 

increases  as i t  ages. Specimens were tes ted  at one day, nine day, and one 

hundred thirty-four days to check this claim. These results a r e  l isted below: 

TABLE 4 

EFFECT OF AGING ON CHEMKRETE STABILITY 

Marshall Stabil i ty (pounds) at 140°F 

134-day Sample No. l-day 9-day 

2K 310 250 - 
8K 970 9 20 - 
13K 630 550 - 

19K 530 67 0 860 

25K 1060 1420 - 
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F I G Z R E  11. COMPARATIVE LABORATORY TEST RESULTS 

L < i T a 
S 
-_I c1 P c 

K i s  M P C  

42 
n 

K T S  M P  C 

r 

K T  

K T S  rq p i: 
3 4 C O O  

17000 1 
I 

K = C h e T k r e t e  y = 1;,qls +5m0 
T = T e x c r e t e  P = P l u s  R i d e  
S = S o l a r  L a g l u g e l  C = C o n t r o l  

K T S  ‘4 P i: 

= Deco9Jered A C  



Only t h e  Ian t w o  samples  showed increased s tabi l i ty  with t ime. However,  even  

a f t e r  134 days, t h e  stabil i ty is markedly lower than t h e  !3C)O-pound specif iczr ion 

minimum. 

T h e  indirect  tensile s t rength  test yielded an average  of 49.3 psi for  

Chemkre te .  New J e r s e y  has no specif icat ion f o r  this  test (see Appendix F f o r  

test method), so re la t ive  values must be discussed. Chemkre te ' s  indirect  t ens i le  

s t rength  was t h e  lowest value f o r  all t h e  mixes. The control  mix achieved 94.0 

psi and t h e  Plus Ride mix was measured to be 49.4 psi. Indirect  tensi le  s t r e n g t h  

was not measured a f t e r  aging. 

All t h e  results of t h e  Abson recovery indicate  t h a t  t h e  C h e m k r e t e -  

modified binder is sof te r  than  would have  been achieved using a s t ra ight  .4C-I0 

or AC-20. Abson recovery on C h e m k r e t e  cores support  th i s  theory as well. 

3.2.2 Texcrete-Modified Mix: Compositional analysis complies  with t h e  

New J e r s e y  specification, e x c e p t  for  a deviation on t h e  #50 sieve.  Normally,  a 

t h r e e  percent  average  f r o m  t h e  t a r g e t  value is permit ted.  T h e  a v e r a g e  of t h e  

f i v e  samples  tes ted  deviated by 3.5%. However,  s tandard procedures  specify 

f ive  samples  in  2,000 ton  lots,  compared  to t h e  sampling r a t e  in this  pro jec t  of 

f i v e  samples  in 600 ton  lots. Under normal construcTion procedures ,  qual i ty  

cont ro l  e f f o r t s  at t h e  plant  would have c o r r e c t e d  this deviation. No perform- 

a n c e  problems are expec ted  f rom this slight deviation. 

Marshall stabil i ty test results a l l  comply with s tandard  specif icat ions.  

Ind i rec t  tensi le  s t rength  of 116 psi is t h e  second highest s t rength  of al l  t h e  

mixes. Abson recovery d a t a  appear  normal. 

3.2.3 Solar Laglugel-Modified Mix: The indirect  tensi le  s t rength  of SS psi 

is less than  t h a t  of t h e  control  mix. This value was t h e  four th  highest  s t r e n g t h  
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of t h e  six mixes. Penet ra t ion  at 77'F was expec ted  t o  decrease  with t h e  

addition of Solar Laglugel, thus increasing rutt ing resis tance and s tabi l i ty .  This 

d e c r e a s e  was not observed. Penet ra t ion  at  77'F for  t h e  AC-20 used averaged 

34, while t h e  Solar Laglugel modified AC-20 averaged 36. 

Composition analysis, Marshall s tabi l i ty ,  flow and voids were all within 

specification. Marshall s tabi l i ty  averaged  100 pounds g r e a t e r  than  t h e  control .  

3.2.4 31M's #5990-Uodified Mix: Marshall s tabi l i ty  for  this  mix was t!ie 

highest  of all t h e  mixes, 2260 pounds, more  than 1100 pounds g r e a t e r  than  t h e  

cont ro l  mix. Indirect  tensi le  s t rength,  154 psi, was also t h e  highest  s t r e n g t h  

observed. Compositional analysis complied with all of New J e r s e y  specif ica-  

tions. 

Abson recovery analysis suggests  t h a t  t h e  e f f e c t  of incorporat ing t h e  3iM 

product  was to yield a very hard modified-asphalt binder. T h e  recovered  

penetrat ion at 77'F averages  37. O n e  of t h e  manufacturer ' s  c la ims is t h a t  

ru t t ing  resis tance would be increased by modifying bituminous c o n c r e t e  with 

/I5990 additive. A hard asphal t  would cont r ibu te  to increased ru t t ing  resistance.  

As mentioned previously, this mix was produced at  high t e m p e r a t u r e s  (discharge 

t e m p e r a t u r e s  f rom 355'F to 390'F). I t  is unknown whether  this  hard recovered 

asphal t  is a function of t h e  additive,  o r  a result  of high mixing tempera tures .  In 

this  connection, i t  should b e  noted t h a t  t h e  31M Company suggests  t h a t  t h e  use of 

t h e  Abson recovery procedure on the i r  product  is of questionable value,  s ince  t h e  

process changes t h e  propert ies  of t h e  recovered additive-modified asphal t .  

A somewhat  higher void c o n t e n t  in t h e  cores,  4.8% compared  to 2.9% in 

t h e  Marshall specimens,  is of interest .  This may b e  explained by this  additive's  

tendency to induce swelling or expansion in t h e  mix as i t  cures.  This f e a t u r e  has  

been previously observed in t h e  laboratory and may well have occurred in t h e  
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exper imenta l  sect ion,  thus  increasing t h e  void conten t .  An unusual d e c r e a s e  in 

average  recovered viscosity at 140°F, f rom 34,353 poise t o  12,339 poise was 

noted. I t  may b e  due to t h e  inclusion of an out l ier  in t h e  d a ~ s .  

3.2.5 Plus  Ride-Modifed Mix: Plus Ride  was  t h e  only mixture  which 

employed a non-standard gradat ion and asphal t  c o n t e n t  specif icat ion.  This  

mixture 's  gradat ion is s ignif icant ly  d i f fe ren t  f rom t h e  s tandard  1-4 mix design 

used in t h e  o ther  six mixes (see Appendix 8). T h e  composition analysis complied 

with t h e  manufacturer ' s  specif icat ions,  except  f o r  t h e  percent  asphal t  c e m e n t .  

Average  test resul ts  indicated 6.9 percent ,  while t h e  t a r g e t  was 7.7 percent .  

Since t h e  asphal t  c o n t e n t  achieved on al l  of t h e  o t h e r  f ive mixes w e r e  close t o  

t h e  t a r g e t  values, o t h e r  fac tors  must  b e  considered. Specifically,  s ince Plus  

R i d e  is a very rich mixture ,  it is possible t h a t  s o m e  of t h e  AC-20 separa ted  f r o m  

t h e  a g g r e g a t e s  during sampling, hence  yielding erroneously low asphal t  c o n t e n t  

values. I t  was noted, for example,  t h a t  asphal t  c e m e n t  s tuck  to t h e  sampling 

equipment  and t h e  cardboard sampling boxes. T h e  core resu l t s  ind ica te  7.4 

p e r c e n t  asphalt .  This suggests  t h a t  t h e  asphal t  c o n t e n t  was in fact close t o  t h e  

t a r g e t  value, but  this  fact was obscured by t h e  sampling method specif ied for 

(loose) bituminous mix samples.  

Marshall s tabi l i t ies  for Plus R i d e  average  1,000 pounds, which just  complies  

with New J e r s e y  1,000 pound minimum specification. However,  a low s tab i l i ty  

( target :  720 pounds) was  expected.  T h e  average  flow value was  42, t h e  design 

value was 33. Voids of 4.4% in t h e  Marshall specimen complies  with New J e r s e y  

specifications.  Indirect  tensi le  s t r e n g t h  averaged 49.4 psi, t h e  second lowes t  

va lue  repor ted  f o r  any of t h e  mixes, 

Abson recovery analysis indicates  a sof te r  asphal t  c e m e n t  recovered than  

t h e  AC-20 used ( t h e  original AC-20 was t e s t e d  f o r  penetrat ion a t  77'F and 
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averaged 73; t h e  recovered asphal t  had an average  penetrat ion value of 89) .  

However ,  t h e  presence of rubber par t ic les  in t h e  mix might have influenced t h e  

test resul ts  on t h e  recovered asphalt .  

Air  void conten t  and recovery analysis on cores  ind ica te  t h a t  t h e  excess  

t a c k  coat was drawn up through t h e  top  course,  result ing i n  lower percent  a i r  

voids. An intent ional ly  biased core sample  was taken  in  a very heavily t a c k e d  

locat ion,  and yielded 0.3% a i r  voids, and a relat ively high penetrat ion compared  

to t h e  o t h e r  c o r e  samples  (92 vs. 68 and 73). The resul ts  of t h e  four-inch core  

analysis (see Appendix E) suggest  t h a t  t h e  t a r g e t  value of 3% air  voids would 

have  been a t ta ined  if t a c k  coat e f f e c t s  were  discounted. 

3.2.6 Control  M i x :  All test resul ts  m e t  New J e r s e y  s tandard specifica- 

tions. Indirect tensi le  s t rength  of 94 psi was t h e  th i rd  highest s t r e n g t h  of all the  

mixes . 

3.3 TEMPERATURE SUSCEPTIBILITY DISCUSSION 

T h e  t e m p e r a t u r e  susceptibil i ty of a n  asphal t  c e m e n t  is  an indicator  of 

potent ia l  construct ion and per formance  problems. High temperature-suscept ible  

asphal ts  have  been a s s o d a t e d  with tender  pavements  during construct ion and 

with increased low t e m p e r a t u r e  cracking and high t e m p e r a t u r e  ru t t ing  a f t e r  

construct ion (Ref. 1). Recent ly ,  increased awareness  as to t h e  impor tance  of 

t e m p e r a t u r e  susceptibil i ty has helped to promote t h e  use of additives to enhance  

t h i s  qual i ty  in  asphalt  cements .  Several  of t h e  addi t ives  used in this project  are 

claimed to improve asphal t  c e m e n t  t e m p e r a t u r e  suscept ibi l i ty  (Chemkrete ,  3M's 

#5990 and Solar  Laglugel). 

A var ie ty  of equations for ca lcu la t ing  t e m p e r a t u r e  susceptibil i ty have been 

used in o ther  states. However,  t h e  New J e r s e y  D e p a r t m e n t  of Transporrat ion 
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does no; routinely perform t e m p e r a t u r e  susceptibil i ty analysis and hence has not  

adopted any of these  equat ions as >- standard.  For  purposes of this repor t ,  the 

Pen/Vis number (77-275'F), ca lcu la ted  f rom t h e  following equation, was used 

(Ref.  2). 

P V N =  ( 4.258 - 0.796710gP - 10qV) 
0.7951 - 0.185810gP 

where P = penetrat ion at 77'F, d m m  

V = viscosity at 275OF, cs 

A t  present ,  only addi t ives  which c a n  be premixed wi th  asphal t  c a n  b e  

analyzed f o r  t e m p e r a t u r e  susceptibil i ty.  No test method exists f o r  analyzing 

additive-modified mixes where t h e  addi t ive is blended in t h e  mix i tself .  Table  5 

shows t h e  ca lcu la ted  PVN values f o r  t h e  control  and modified asphalt  cements .  

TABLE 5 

TEMPERATURE SUSCEPTIBILITY OF ASPHALT ADDITIVES 

I tem PV N - 
Standard  AC- 10 -1.17 

C h e m k r e t e  modified AC-10 -.007 

AC-20 used with Solar Laglugel 

Solar Laglugel modified AC-20 

-.017 

+.069 

AC-20 used in  Cont ro l  - .51 
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The l i te ra ture  suggests t h a t  lower values of PVN correspond with a highly 

ternperature-susceptible asphalt .  Unfortunately,  s ince  New J e r s e y  does not 

rout inely test asphal t  c e m e n t s  for tempera ture  susceptibil i ty,  no substmtia!  d a t a  

base exists for analyzing t h e  significance of t h e s e  results. T h e  variabil i ty of t h e  

d a t a  is a l so  unknown, hence  this analysis is l imited to preliminary observat ions 

only. 

A s  shown in Table  5 ,  a standard AC-10 (meet ing  New J e r s e y  specif icat ions)  

displayed a PVN of -1.17, while t h e  additive-modified asphal ts  and t h e  A c - 2 3 ~  

have g r e a t e r  values. The  P V N  for t h e  additive-modified AC-20 is g r e a t e r  than  

t h a t  of t h e  original AC-20. As mentioned previously, t h e s e  additives are claimed 

to improve t h e  tempera ture  susceptibil i ty qual i t ies  of an asphal t  c e m e n t .  T h e  

resu l t s  shown i n  Table  5 suggest  t h a t  this  m a y  have  occurred; t h e  t e m p e r a t u r e  

suscept ibi l i ty  of t h e  binder appears  to decrease  when modified wi th  t h e s e  

additives.  More information on t e m p e r a t u r e  susceptibil i ty and asphalt  addi t ives  

is  d e a r l y  needed for  this analysis. Research work on this subject  will cont inue 

as an adjunct  to this  study. 

3.4 FIELD TEST RESULTS 

3.4.1 Skid Resistance: Skid tests were conducted on t h e  additive-modified 

test sec t ions  in  August, 1984 and December,  1984. These  tests were  performed 

wi th  a two-wheel skid trailer in conformance wi th  ASTM E-274. The resul ts  of 

t h e s e  tests are shown in Table  6.  
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Tes t  Sect ion 

Cont ro l  

C h e m  kre te 

T e x c r e t e  

Solar Laglugel 

3M's /I5990 

Plus Ride 

Crushed Gravel  

TABLE 6 

SKID RESISTANCE DATA 

SN 49 AVG 

- 8 / 8 4  10184 

45 45 

44 48 

46 47 

50 50 

50 50 

31 39 

48 45 

SN values adjusted to 40 mph, and averaged over  both lanes,  cur ren t ly  

r a n g e  f rom a low of 39 (Plus Ride) to a high of 50 (Solar Laglugel and 3M's 

irI5990). I t  is expec ted  t h a t  skid resis tance on t h e  Plus Ride sect ion will improve  

with t i m e  and t r a f f i c  as t h e  t a c k  coat on t h e  sur face  wears  off. Even for t h e  

s h o r t  period of t i m e  covered  in  this  report ,  it appears  t h a t  t h e  skid res i s tance  on 

t h e  Plus  Ride sect ion is a l ready  improving. Periodic skid tests will be cont inued 

to monitor  this  change. 

3.4.2 Rutting: Average  rut-depths were  measured with t h e  Novak, 

Dempsey Laser  Road Surface  Tester .  This van-mounted device  uses e leven  

lasers  to measure road sur face  conditions at up to 55 miles  per  hour. T h e  

a v e r a g e  rut-depth d a t a  obtained a r e  tabula ted  below. There  is very l i t t l e  r u t t i n g  

at present  on a n y  of t h e  test sections.  Rut-depths will be measured e v e r y  f i f t y  

feet with a t e n  foot s t ra ightedge  as soon as t h e  weather  permits.  
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TABLE 7 

RUT-DEPTH DATA 

Test Section 

Control 

Chemkre te  

Texcre te 

Solar Laglugel 

3M's 85990 

Plus Ride 

Crushed Gravel 

Rut-depth, in. 

.035 

,028 

.028 

.028 

.024 

.05 1 

.05 1 

3.4.3 Roughness: The as-constructed smoothness of the  control  and test 

sect ions was evaluated on the  basis of measurements taken with a 10-foot rolling 

straightedge, New Jersey's standard smoothness acceptance  tes t ing device. 

This equipment consists of a l0-foot metal  beam tha t  rolls on hard rubber 

wheels and suspends an indicator wheel at i t s  midpoint. As t h e  s t ra ightedge is 

pushed along the  roadway, surface irregularit ies a re  t ransmit ted from t h e  

indicator wheel t o  an enlarged scale which indicates the  magnitude of t h e  

deviation (0 to 1/2-inch in 1/16-inch increments) and i ts  nature (i.e., bump or 

depression). The length of a deviation exceeding l/&inch in 10 feet is 

automatical ly  marked on t he  pavement in colored dye by a cam-activated dye 

release m echanism. 

The output  of t h e  rolling straightedge is evaluated in te rms  of a summary 

s ta t i s t ic  known as t h e  "Percent Defect ive Length". Percent  defect ive length is 

computed by adding the  lengths of individual surface defects  exceeding a 

l /&inch in 10 foot  tolerance,  dividing this sum by the  to ta l  length tes ted  and 

multiplying by 100 to convert  to percent. 
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In Yew Jersey ,  t h e  output  of t h e  rolling s t ra ightedge  is evaluated on t h e  

basis of historically observed correlat ions between the e x t e n t  of s t ra ightedge  

d e f e c t s  and pavement  rideabili ty as measured by a BPR-type roughomete: (see 

Table  8). 

As outlined in Table  9,  New J e r s e y  specif icat ions require  payment  

reduct ions f o r  new bituminous pavements  which display a p e r c e n t  d e f e c t i v e  

length  of 1.4 or more. 

TABLE 8 

RIDING QUALITY EQUIVALENTS OF NEW JERSEY STRAIGHTEDGE 0XT.A 

(Bit  umi no us Pa vem en t s ) 

Ri d e a  bil i t y R at i ng, P e r c e n t  Defec t ive  Length  

Good Less than  0.75 

Fair 0.75 - 2.0 

Poor 2.0 - 3.5 
Very Poor  3.5 or more 

TABLE 9 

NEW JERSEY SMOOTHNESS ACCEPTANCE SCHEDULE 

(New Bituminous Pavements )  

Lot* P e r c e n t  
Defec t ive  Length  

1.3 or less 

Reduct ion of P a y m e n t  
Per Lot ,  P e r c e n t  

None 

1.4 - 2.3 12 

2.4 - 3.4 30 

3.5 or more Remove and Replace  
o r  no pay 

*A smoothness  a c c e p t a n c e  l o t  is equal  to t h e  day's tonnage of s u r f a c e  course.  
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T h e  resul ts  of t h e  R o u t e  41 smoothness tes t ing  are shown in Table  10. .As 

out l ined in t h a t  tabulation, t h e  percent  defec t ive  length values  observed fa r  t h e  

cont ro l  and four  of t h e  f ive  additive-modified sect ions are indicat ive of 'Good" 

rideabili ty.  T h e  percent  defec t ive  length value observed f o r  t h e  Plus  Ride 

sec t ion  is indicat ive of "Poor" rideabili ty and would be considered unacceptably 

rough under c u r r e n t  D e p a r t m e n t  specifications.  

TABLE 10 

ROUGHNESS MEASUREMENTS 

Average  
Test Sect ion P e r c e n t  D e f e c t i v e  Length 

Cont ro l  Zero 

C hem k r e t e  0.20 

T excre t e 0.1 7 

Solar Laglugel 0.20 

3M's iY5990 0.6 1 

Plus Ride  2.36 

Equivalent 
Rideabi l i ty  R a t i n g  

Good 

Good 

Good 

Good 

Good 

Poor 

Field notes  show t h a t  in t w o  locat ions in t h e  Plus  Ride sec t ion  

corresponding to high deviations, t h e  paver  was laying t h e  m a t  too thick and 

ad jus tments  requiring rake  and shovel work were  made. This  excessive handwork 

obviously could have contr ibuted in  p a r t  to t h e  observed s u r f a c e  roughness. 

3.4.4 Cross-Sections: A cross-section survey was conducted  at  four  

locat ions in e a c h  test section, at two hundred foot  intervals  and at one hundred- 

foot intervals  in t h e  stopping a r e a  paved with 3M's M5990 AMBC (Church Road 

intersection).  These  cross-section d a t a  show t h e  t ransverse  profile of t h e  



-34- 

outs ide lane throughout  t h e  test sect ions on R o u t e  41 northbound. T h e s e  

measurements  will b e  repea ted  bi-anngJal!y SO as t o  monitor any pushing, shoving, 

or ru t t ing  of t h e  sur face  course. 

3.4.5 Condition Survey: The condition of t h e  test sec t ions  to d a t e ,  prior to 

t h e  1984-85 winter ,  is good to  excel lent .  No cracking or s ignif icant  ru t t ing  has  

been observed. T h e  condition survey at this  point is l imited to locat ing bleeding 

and o ther  surf ace irregular i t i tes .  Roughness has a l ready  Seen discussed in 

Sec t ion  3.4.3. Bleeding has  been observed at Sta t ion  659 + 60, inside lane, in t h e  

Solar Lalugel sect ion and throughout t h e  Plus Ride sect ion in both  lanes. O n e  

scar red  locat ion was observed in t h e  C h e m k r e t e  sect ion at approximately 612 + 0 

in t h e  inside lane.  Some unidentified yellow, waxy spots  have been loca ted  in t h e  

Solar Laglugel section. These  locat ions have been  cored and s e n t  to a tes t ing  

agency  for chemica l  analysis. 

3.4.6 Nuclear  Density: Nuclear  densi ty  d a t a  w e r e  co l lec ted  at t h e  s a m e  

t i m e  cores  were  e x t r a c t e d  f r o m  t h e  test sect ions using a Troxler  Model 3411 

Nuclear  Moisture-Density Gauge. T h e  relationship between t h e  c o r e  densi t ies  

and t h e  nuclear  densi t ies  (cores taken  f rom nuclear  density s i tes )  is t h e  

impor tan t  f a c t o r  here. This relationship is presented graphically in Figure 12 

and will b e  used in f u t u r e  density calculations,  so as t o  minimize t h e  number of 

c o r e s  required to c h a r a c t e r i z e  t h e  density distribution throughout  t h e  test 

sections.  Almost  all of t h e  nuclear density d a t a  suggests  t h a t ,  within a 95% 

confidence level,  a l inear  relationship (correlat ion coef f ic ien t  = 0.86) ex is t s  

be tween density measured at t h e  s i t e  with t h e  nuclear gauge  and density of c o r e s  

as determined in t h e  laboratory.  

The  degree  of compact ion achieved on t h e  test sect ions is  expressed in 

P e r c e n t  air  voids de te rmined  f r o m  e ight  c o r e s  per  t e r m s  of a i r  void conten t .  
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sect ion can  be found in Table 11. All a i r  void d a t a  fell  within New J e r s e y  

specif icat ions (2-5?6), except  for  two single d a t a  points f rom t h e  Plus Ride 

sect ion.  This anomaly with Plus Ride is a lmost  cer ta in ly  due t o  t h e  excessive 

t a c k  c o a t  applied,  as discussed previously in Sect ion 3.2.5. 

TABLE 11 

CORE ANALYSIS 

% Air Voids 

T e s t  Sect ion 

Cont ro l  

C hem kre  te 

T e x c r e  te 

Solar Lalugel 

3M's 85990 

Plus R i d e  

Range  

3.0 2.5-4.5 

Average 

3.9 2.5-5.7 

5.6 4.5-7.7 

5.1 3.8-6.2 

4.9 3.3-6.9 

2.4 1.2- 3.8 
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PART FOUR - CONCLUSIONS 

T h e  ac tua l  production and  paving operat ions went  qu i te  Neil f a r  all  even 

mixes.  This may be an  unders ta tement ,  considering t h a t  f ive exper imenta l  

mixes,  e a c h  requiring d i f fe ren t  handling techniques at  t h e  plant  and o n  t h e  s i te ,  

w e r e  produced and placed in  a five-day period. T h e  laboratory test d a t a  and t h e  

ini t ia l  field test d a t a  are, on t h e  whole, consis tent  with New J e r s e y  

specif icat ions and design c r i te r ia .  Therefore ,  t h e  D e p a r t m e n t  of Transportat ion 

has  a n  excel lent ,  controlled tes7 environment  for  monitoring t h e  per formance  of 

t h e  f i v e  asphal t  addi t ives  used on R o u t e  41, NB, Sect ion 3A.  



P.4RT FIVE. - PRELIMINARY RECOILIMEND?ITIONS 

1. In future  asphal t  addi t ive construct ion work, it is recommended t h a t  

t h e  additive manufac turer  b e  required to: 

a. 

b. submit Mater ia l  S a f e t y  D a t a  Shee ts  on t h e  additive-modified 

bituminous mixture,  detai l ing a i r  contaminants  genera ted  a t  

mixing and paving tempera tures ,  

submit  Mater ia l  S a f e t y  D a t a  S h e e t s  on t h e  addi t ive,  

c. monitor a i r  quali ty in t h e  vicinity of t h e  plant and paver;  i f  

deemed necessary by t h e  research engineer.  

2. Plus Ride is a very d i f fe ren t  t y p e  of bituminous mix and requires  more  

care in handling than usual. Tarps  c a n  b e  easily ruined by c o n t a c t  and should 

perhaps b e  coa ted  or lubricated before  using, or o m i t t e d  a l toge ther .  Soap must  

b e  used on all  steel-wheeled rollers,  or t h e  mix will st ick.  T h e  absolute  minimum 

amount  of t a c k  coat should be used, s ince t h e  mix has a high asphal t  c o n t e n t .  

E x t r a  c a r e  should be taken  when sampling Plus Ride mix, because  t h e  wetness  2f 

t h e  mix causes  separat ion in t h e  t rucks,  as well as in t h e  sampling boxes. 

3. High roughness values and low skid resis tance f igures  in t h e  Plus Xide 

sect ion are t h e  reasons f o r  s o m e  concern at this  ear ly  s t a g e  of t h e  r e s e a r c h  

study. Skid numbers are expec ted  to cont inue to increase.  Roughness will 

cont inue to be monitored. 

4. T h e  nuclear  density gauge appears  to b e  a good tool  for  measuring 

density in t h e  field. This ins t rument  should be employed as a m a t t e r  of course  in 

all research work dealing with bituminous mixes. 
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APPENDIX A 

RESILIENT MODULUS TEST METHOD 



INSTRUCTIONS F 9 R  THE MARK V RESILIENT MODULUS 

NON-DESTRUCTIVE TESTING DEVICE (Ref.  3 )  

THEORY 

An Elas t ic  modulus or Young's modulus of a n  e las t ic  mater ia l  is def ined as: 

s t ress  
s t r a in  

= modulus 

where  t h e  duration of loading does not change t h e  value obtained. In viscoelast ic  

mater ia l ,  t h e  s a m e  relationship is applied. However,  t h e  conditions of t h e  test, 

when using viscoelastic mater ia ls ,  must  b e  defined because shor t  loading periods 

c a n  g ive  much higher modulus values than  long loading periods. This is because  

long loading periods allow more  flow to occur.  Moduli t h a t  a r e  t ime-dependent  

are re fer red  to as Resil ient Moduli or as St i f fness  Moduli. Frequent ly ,  Tnoduli 

de te rmined  f o r  very long loading t imes  a r e  re fer red  to as C r e e p  Moduli. 

OPERATING PRINCIPLE 

The Mark V Resil ient Modulus Non-Destructive Test ing (Mr)  Device  

funct ions by applying a 250 millisecond load pulse across t h e  ver t ical  d i a m e t e r  of 

a cylindrical  specimen, and sensing t h e  resul tant  deforrnation across  t h e  

horizontal  d iameter ,  for  e i ther  0.05 or 0.10 seconds a f t e r  t h e  beginning of t h e  

specimen deformation. The specimen d iameter  may vary f rom 3.5 to 4.0 inches 

and thickness f rom 1 to 3 inches. Optimum specimen d iameter  is 4.0 inches and 

t h e  opt imum thickness is 2.75 inches. Loads on t h e  specimen normally vary f r o m  

10 Ibs. to 7 5  Ibs. Specimen deformations range  from 1000 to 2000 microinches. 

Diamet ra l  loading (application of a load across  t h e  ver t ica l  d iameter  of a 

cylinder) resul ts  in a deformation across  t h e  horizontal  d iameter .  T h e  ver t ical  



load, p, and the horizontal deformation, d, a r e  related to t h e  Resilient Modulus, 

Mr, Poissons ra';lo, v, and the  specimen thickness, t ,  as follows: 

p ( v  + 0.2734) 
t (d> 

= Mr 

If p is in Ib., or kg., and t and d a r e  in in., or cm., in t h e  above equation, 

t he  units of Mr will be in Ib/in2, or kg/cm.2. 

Thus, by measuring the  thickness of the specimen and deformation 

resulting from a known pulsating load, t h e  Resilient Yodulus, or Mr, can  be 

calculated. A Poissons rat io  of 0.35 has been shown t o  be a reasonable value to 

use in this  calculation for  sound asphalt-treated materials.  Higher or lower 

values may be used for other  materials. 

TESTING HINTS 

Each specimen should be tes ted  at least twice; once across e a c h  

perpendicular diameter.  Usually, t h e  values will agree  within 10%. If they  

differ by more, repeat  t h e  test. A consistent difference grea te r  than 10% is t h e  

result  of a nonisotropic specimen. If t h e  difference is severe  (over 50%) a new 

sample should be made. 

To insure accuracy of readings, periodically turn t h e  mode switch to Se t  up 

and check the  transducers. One  at a t ime, back off each  transducer until i t  is 

re t racted into i ts  housing. Each retract ion should change t h e  display me te r  

reading a small amount. If there  is no reduction in t h e  display me te r  reading, 

then contact  between t h e  specimen and one of t h e  transducers may have been 

lost  (Le., t he  yoke may have slipped or a piece of the  specimen may have been 

displaced.) If contact  has been lost, repeat  testing of the  specimen before  

rotating. 
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C r e e p  Tes t ing  

C r e e p  Modulus ( M c )  is t h e  s a m e  kind of measurement  as t h e  Xesi l ient  

Modulus (!dr). The  t e r m  C r e e p  Modulus is used as a convenience to indica te  

re la t ive ly  long loading t imes,  compared to t h e  loading t imes  us2d in most  

dynamic  tests (such as 250 milliseconds i n  O p e r a t e  mode using t h e  Mark V.) 

Loading t imes  of any l ength  can  b e  obtained by switching to C r e e p  mode. 

Convenient  t i m e s  at which readings c a n  b e  t a k e n  are: 10, 100, and 1000 seconds.  

By plot t ing moduli versus t i m e  on a log-log sca le ,  curves  c a n  be g e n e r a t e d  which 

allow extrapolat ion f rom 0.01 second to o n e  end to 10,000 seconds on t h e  o t h e r  

end. 

A recorder  t r a c e  is considerably more  convenient  to use than t h e  m e t e r  for  

following t h e  C r e e p  deformation. A recorder  (REC) connect ion is provided on 

t h e  back  panel of t h e  Mark V. A recorder  having an impedance  g r e a t e r  t h a n  

5000 ohms, and having input ranges f r o m  50 millivolts to 10 volts full s c a l e  will 

b e  suff ic ient ly  accurate .  T h e  recorder  ou tput  will b e  nega t ive  (from 0 to 

negat ive  volts), so t h e  recorder  should be set up appropriately.  T h e  recorder  c a n  

b e  opera ted  simultaneously with the  Mark V display m e t e r  in C r e e p ,  S e t  up, o r  

O p e r a t e  modes. 

SAMPLE PREPARATION AND HANDLING FOR Mr MEASUREMENTS 

C o r e  Samples  

T h e  Mark V is made to handle samples  t h a t  a r e  4 inches in d i a m e t e r ,  and 

f r o m  1-1/2 to 3 inches thick. The  ideal thickness  is 2 - 3 / 4  inches. Cores m a y  b e  

taken  f r o m  a pavement  by cu t t ing  with a 4 inch diamond-grit  cor ing machine.  

‘Yater c a n  b e  used as t h e  coring fluid when cu t t ing  sound asphal t  c e m e n t .  

However ,  a i r  or nitrogen should be used when coring f r iab le  pavements .  Most 

asphal t  emulsion t reared  pavements  a r e  easier  to core using air or nitrogen. 

A-3  



The resultant cores  will be as long as the pavement is thick. These may 

t h e n  be cut into layers corresponding t o  t h e  s t ruc ture  of the road. (aase, 

overlays, etc.). A diamond saw, such as is used to  cu t  rock samples,  works ivell 

to slice core  sections. The  circumference of a core  sample is of ten rough and 

sometimes s tones fall out. These rough areas  may be filled with plaster of Par is  

without significantly affect ing t h e  Mr results. 

All specimens should be  stored at the  desired test tempera ture  for a t  least  

8 hours before  testing. Heat  t ransfer  on an asphalt  cement  sample is very slow. 

I t  t akes  4 to  8 hours for t h e  center  of t h e  core to  come to  equilibrium with t h e  

outside tempera ture ,  depending on t h e  tempera ture  differential. 

Lab Manufactured Samples 

The  best way to  make test samples in the  lab is with the  California 

Kneading Compactor  (ASTM D-1561). Follow t h e  ASTM procedure,  and make a 

2-3/4 inch specimen. Emulsion mixes may be cured in  t h e  mold and tes ted at 

intervals  t o  determine t h e  r a t e  of buildup of mater ia l  strength.  Uncured, sof t  

mixes should be tes ted  using t h e  confinement kit. Cured emulsion mixes and 

those made with hot asphalt  can be tes ted normally. Again, be sure  t o  s tore  t h e  

sample at test tempera ture  for at least  8 hours, prior to  testing. 
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APPENDIX B 

MIX DESIGNS 
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APPENDIX C 

LABORATORY TEST RESULTS - ASPHALT CEMENT 
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The a b o v e  r e s u l t s  a r e  n o t  t y p i c a l  f o r  t h e  A C - 2 0  r e c e i v e d  o n  t h i s  
7 r o j e c t .  d e c a u s e  o f  t h e  s a m p i i n g  n e t h o d  u s e d ,  t h e  r e s u l t s  r e p o r t e d  
z a y  n o t  b e  r e p r e s e n t a t i v e  o f  the  XC-20  r e c e i v e d .  
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APPENDIX D 

LABORATORY TEST RESULTS - BITUMINOUS MIX SAMPLES 
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APPENDIX E 

LABORATORY TEST RESULTS - PAVEMENT CORES 
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APPENDIX F 

INDIRECT TENSILE TEST METHOD 



NEW JERSEY DEP.ARTMENT OF TRANSPORTATION 

INDIRECT TENSILE TEST (Xef.  4) 

The indirect tensile test involves loading a cylindrical specimen with 

compressive loads tha t  act parallel to and along t h e  vertical  diametrical  plane at 

room temperature.  To distribute the  load and maintain a constant loading area,  

t h e  compressive load is applied through a 0.75-inch wide s teel  loading s t r ip  tha t  

is curved at the  interface with the specimen and has a radius equal to tha t  of the  

specimen. This loading configuration develops a relatively uniform tensile s t ress  

perpendicular to the  direction of t he  applied load and along t h e  vertical  

diametr ical  plane tha t  ultimately causes the  specimen t o  fail  by spli t t ing or 

rupturing along the  vertical diameter (see Figure F-1). By measuring t h e  applied 

load at failure and by continuously monitoring t h e  loads and the  horizontal and 

ver t ical  deformations of t he  specimen, one can  e s t ima te  indirect tensi le  

strength.  

Tes t  Equipment 

The  basic testing apparatus  includes a loading system and a means of 

measuring t h e  applied loads, horizontal deformations of the  specimens,  and 

ver t ical  deformations of t he  specimens. 

The  loading system consists of loading equipment, a loading device, and 

loading strips. The external  load can be supplied by any loading system tha t  can 

apply Compressive loads perferably at a prescribed loading rate.  Ideally, a d o s e d  

loop electrohydraulic system should be used to accurately control t h e  loading 

ra te .  A relatively high deformation r a t e  should be  used to simulate rapidly 

applied pavement loadings. A deformation r a t e  of 2 in./min. has been used. 

Some type of loading device should be used to ensure tha t  t he  loading 

platens and strips remain parallel during the  test. ‘3 loading device tha t  has 

F-l 



FIGURE F-1 .  INDIRECT TENSILE STREPIGTH TEST 
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proved to be sa t i s fac tory  is a modified, commerically available die set with 

upper and lower platens constrained to  remain parallel during the  test. Mounred 

on t h e  upper and lower platens a re  0.75 in. wide s teel  loading s t r ips  with a 

curved loading su r face  whose radius of curvature  is equal to the  radius of t h e  

specimen. 

Deform ation-and-L oad-ivl easuring Equipment 

Preferably,  t h e  load should be measured by a load cell  t o  obtain e lec t r ica l  

readouts t ha t  can b e  recorded continuously. Horizontal deformations of the  

specimens a r e  measured by using a device basically consisting of 2 cant i levered 

arms with a t tached  s t ra in  gauges. Deformation of t h e  specimen or deflection of 

t h e  a rms  at points of contact  with the  specimen has been calibrated with t h e  

output  from the  s t ra in  gauges mounted on t h e  arms. 

Vertical deformations are measured by a direct-current LVDT. The  LVDT 

also can be  used to control t h e  vertical deformation r a t e  during t h e  test by 

providing an electr ical  signal related to the  relative movements of t h e  upper and 

lower platens if a dosed-loop electrohydraulic load system is used. 

Specimen Preparation 

Marshall plug specimens can be tested. However, care should be exercised 

to ensure t h a t  t he  specimen does not have significant surface irregularit ies t h a t  

will interfere  with the  proper seating contac t  between the  specimen and t h e  

loading strips. 

F-3 



Test Procedure 

Six s teps  make up the  indirec; tensile test procedure. 

1. 

2. 

3. 

4. 

5 .  

6 .  

Determine the  height and diameter  of t h e  specimen. 

Carefully center  t h e  specimen on t h e  lower loading strip. 

Slowly lower t h e  upper platen until light contac t  is made between t h e  

specimen and t h e  upper loading strip. 

Place t h e  horizontal deformation measuring device with light con tac t  

between the  a rms  and the  specimen. 

Load t h e  specimen at a constant deformation rate .  

Record t h e  load versus horizontal deformation and load versus ver t ical  

deformation. 

Calculation of Indirect  Tensile Strength 

The  indirect  tensile s t rength is  then calculated in t h e  following manner: 

2P 
~ t d  Indirect  tensile s t rength = - 

where: 

P = maximum load before tensile failure 

t = thickness of t h e  Marshall plug 

d = diameter  of t h e  Marshall plug. 
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