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ABSTRACT 

This report  reviews the several invest igat ions o f  the pol ishing 
problems associated with carbonate rock aggregate. 

The performance o f  t h i s  aggregate a t  many s i t e s  selected f o r  
invest igat ion as wel l  as i t s  performance on t e s t  s t r i p  
i ns ta l l a t i ons  cont inual ly indicated t h a t  i t  polished t o  an 
unacceptable leve l  o f  sk id  resistance more rap id l y  than d i d  
other aggregates comnonly used i n  New Jersey. 

With the acquis i t ion of ASTM type sk id  testers  i t  became 
possible to accurately measure the s k i d  resistance o f  many 
miles o f  pavement. The fu r the r  development o f  a prototype 
Skid Accident Reduction Program l e d  t o  the use o f  wet weather 
accl dent data (an accepted i ndi cator  o f  s l  ippery pavement) i n  
uncovering problem areas. This system was used on 4093 miles 
o f  roadway i n  1974. Sixty-four p o t e n t i a l l y  hazardous s i t e s  
were ident i f ied.  Forty-eight o f  these s i t e s  were constructed 
with carbonate aggregate, and thir ty-one o f  the s i t es  so 
i d e n t i f i e d  came from one aggregate supplier. 

Concurrently, an invest igat ion was i n s t i t u t e d  t o  determine 
the f e a s i b i l i t y  o f  a screening t e s t  which could i d e n t i f y  the 
pol ishing ra te  o f  a carbonate aggregate p r i o r  t o  i t s  use i n  
a pavement. With the assistance o f  Rutgers Universi ty Geology 
Department, i nsol uble residues and thin sections were checked 
and some i d e n t i f i a b l e  character ist ics were determined. However, 
the procedure was very time consuming and would require addit ional 
trained personnel t o  admi n i  ster. 

When a l l  the factors out l ined i n  the repor t  are considered, i t  
i s  f e l t  t h a t  both safety and economy c a l l  f o r  a ban on the use 
of carbonate rock i n  bituminous concrete surface courses. 



.- . Conclusions 

The factors examined i n  t h i s  report  indicate the fo l lowing 

problems which are associated with the use of carbonate rock 

aggregate i n  surface course bituminous concrete. 

1. A h e r  median leve l  of sk id  resistance when compared 

with pavements constructed wi th  other aggregates. 

2. Accelerated pol ishing o f  the exposed aggregate under 

t r a f f i c  wear. 

3. As pa r t  o f  the Department's Skid Accident Reduction 

Program, c r i t e r i a  were established by which po ten t ia l l y  hazardous 

s i tes could be ident i f ied.  Using these c r i t e r i a ,  64 s i tes  were 

pin-pointed on bituminous concrete pavements. Forty-eight (75%) 

o f  these po ten t ia l l y  hazardous locations were constructed with 

carbonate rock. 

4. The use o f  a screening t e s t  which would el iminate the 

more rapid pol ishing material i s  possible. However, i t i s  

extremely time consuming and would require impractical increases 

i n  manpower f o r  both sampling a n d m t i n e  screening. 
- _. 

Recomnendati ons 

Af ter  careful consideration o f  the factors set  f o r th  i n  

t h i s  report, i t  i s  deemed necessary t o  recorbend tha t  carbonate 

rock be banned from further use i n  surface course bituminous 

concrete. 

The e l  I m i  na t i  on of carbonate rock from surface course w i  11 

undoubtedly cause some increase i n  the Department's annual con- 

struct ion costs ( less than $100,000 estimated f o r  1974). However, 



-1- 

t h i s  increase should be more than equalled by the gain i n  safety 

beneftts t o  the d r i v i n g  publ ic and the reduction i n  fu ture 

expenditures f o r  correct ive ant i -sk id  overlays. 

His to ry  

Various methods f o r  el iminat ing problems due t o  po l ish ing 

of some carbonate aggregates have been pursued by the Department 

o f  Transportation i n  the past. 

I n  the 1950's a ban was placed on the use o f  New Hope 

produced dolomite i n  surface course bituminous concrete. The f i l e s  

do not indicate how long t h i s  ban was i n  ef fect  or why i t  was 

rescinded . 
In 1965 the State Highway Engineer directed the Div is ion 

o f  Research t o  i n i t i a t e  an invest igat ion of a l l  projects constructed 

i n  the preceding f i v e  years i n  which dolomite const i tuted the 

aggregate used i n  the surface course. The detai led resu l t s  o f  thds 

study are d o c a n t e d  i n  a report  t i t l e d  "Relative Skid Resistance 

o f  Bituminous Concrete Pavement Surfaces Containing Dolomite Coarse 

Aggregates" (copies o f  t h i s  and other reports c i t e d  are on f i l e  wi th 

the Division o f  Research and Development). This study was t o  evaluate 

the h is tory  o f  each pro ject  i n  re la t i on  t o  s l ippery pavement. A 

second aim was t o  develop a means by which the coe f f i c i en t  o f  pave- 

ment f r i c t i o n ,  o r  other index, could be measured and compared wi th  

non-dolomi t i c  surfaces. 

i n  the physical propert ies o f  various sources o f  dolomite avai lable 

t o  the State. 

It was also intended t o  evaluate differences 



A t  the time o f  the 1965 investigation, New Hope Crushed 

Stone & Lime Co. was providing 70% o f  the dolomite used i n  the 

State and G & WH Corson-Plymouth Meeting was supplying 25%. The 

report  therefore focused on these materials and compared them 

w i th  t rap rocks from Bound Brook and Kingston. Results o f  sk id  

measurements and accident data analyses indicated that Corson 

was markedly more sk id  res i s tan t  than New Hope under l i k e  condi- 

tfons and bet ter  than the t rap  rock from Bound Brook on the 

average. However, even t h i s  material polished below acceptable 

values a t  some locations as d i d  the basalt t rap rock from Bound 

Brook. 

a t  a l l  s i tes.  Because o f  the v a r i a b i l i t y  o f  carbonate rock the 

report  recommended i nvesti gation o f  means f o r  predi c t i  ng pol i shi ng 

rates o f  aggregates. Suggested f o r  fur ther  study were petrographic 

analyses and/or i d e n t i f i c a t i o n  o f  insoluble residue a f t e r  acid 

reduction o f  the aggregate. 

Only the diabase f r o m  Kingston was completely sat is factory  

I n  the sumner o f  1961, a number o f  t e s t  sections were 

placed on the northbound lanes o f  Route 1 i n  Lawrence Township. 

I n  September o f  the same year New Hope Crushed Stone & Lime Co. 

contributed material f o r  some s i x  t e s t  sections which were placed 

i n  the southbound roadway. 

both alone and blended w i th  various other aggregates i n  order t o  

determlne whether or not i t s  sk id  res is tant  propert ies could be 

improved. A report  was issued (Evaluation o f  Skid Resistance 

Characteristics o f  Thin Bituminous Overlays). 

I n  these sections dolomite was used 
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A t  the conpletion of the Route 1 study, af ter  more than 5 

m i l l i on  vehicle passes, none of the dolomite sections exhibited a 

satisfactory level  of sk id  resistance. The average skid numbers 

f o r  the outside lanes ranged from a marginal 34 f o r  a blend o f  

cialomite coarse aggregate wi th  concrete sand t o  an average of 25 

f o r  a dolomite,concrete sand,boiler s lag blend. This past sumner, 

a f t e r  an estimated 18 m i l l i on  vehicle passes, a l l  of the t e s t  

sections exhibited approximately the same sk id  resistance as 

they d id  a t  the carplet ion of the study. 

F ie ld  Tests 

In  1971 some 1,300 miles of pavement were sk id  tested i n  

the i n i t i a l  phases o f  the Department's inventory program. The 

results o f  t h i s  test ing showed an average sk id  number o f  37 

(range! o f  material by source 31-44) for 335 tests on bituminous 

concrete wi th carbonate rock aggregate. For t rap rock the average 

sk id  number was 41 (range 34-54) for 1138 tests. There were also 

175 tests run on bituminous concrete w i th  gneiss coarse aggregate. 

The average sk id  number for these tests was 40 (range o f  averages 

36-48 f o r  6 quarries). 

In 1974 the skid inventory program resulted i n  sk id  measure- 

ments being made on 4093 miles of pavement on the state and in te r -  

state system. The data col lected i n  t h i s  inventory was combined 

with accident data i n  order t o  provide the basis for a Skid 

Accident Reduction program. This type o f  program i s  required by 

the Highway Safety Program under Standard 4.4.9. The c r i t e r i a  



-4- 

established f o r  the i den t i f i ca t i on  o f  a po ten t i a l l y  hazardous locat ion 

was a combination o f  average sk id  number per t e s t  m i le  of 30 o r  less 

together w i th  a wet weather accident ra te  o f  10 o r  greater. This 

wet weather accident ra te  i s  calculated as 

Wet Weather Accidents X 10,000 
MOT/# of lanes 

Using these c r i t e r i a ,  64 s i t e s  were i d e n t i f i e d  on bituminous concrete 

pavements. An inspection o f  these s i t e s  together w i th  a check o f  

construction records where available, disclosed tha t  48 o f  these 

locations were constructed with carbonate aggregate, 10 s i t e s  

constructed with t rap rock. 5 w i th  gneiss and 1 s i t e  had been 

resurfaced a f t e r  the sk id  survey. Further, 31 o f  the 48 carbonate 

s i tes were i den t i  f l e d  as New Hope carbonate. 

Laboratory Tests 

A t  the end o f  1972 a number o f  samples from carbonate rock 

sources were submitted t o  the Bureau o f  Q u a l i t y  Control i n  order 

t o  evaluate the ef f ic iency o f  a New York State method f o r  deter- 

mtning the amount o f  insoluble residue present i n  carbonate 

aggregates (N.Y. 225-69). Insoluble residue was believed t o  be 

an indicator o f  pol ishing resistances f o r  such aggregates. 

was expected that  the higher the amount o f  insoluble residue 

the bet ter  would be the resistance t o  pol ishing. Xn a January 

1973 memorandum, Mr .  Andres indicated tha t  the New York State 

method was semi-quantitative a t  best and was very time consuming. 

It 



--. 

He suggested ASW C-25 as a more reproducible and quicker procedure 

f o r  determining inso lub le residues. Also suggested was the use o f  

l i t h o l o g i c  exaarinations t o  i d e n t i f y  po l ish prone aggregates. Some 

15 sites. which bad been s k i d  tested previously and were known t o  

range frola non-slippery t o  s l ippery were cored. The coarse aggre- 

gate was extracted and the fractions from the surface course were 

submitted f o r  determination o f  insoluble residue contents. L 

The r e s u l t s  o f  t h i s  analysis were inconclusive with no rea l  

retattonship befng found between the percent o f  insotublea and the 

skid resistance o f  the surface. Fatlure o f  the two parameters t o  

correlate nsay have been due t o  the C-25 procedure which u t i l i z e s  

a 0.5 gram sample and requires manual grinding o f  the material so 

tha t  it passes a No. 100 sieve. This saves time i n  the acid 

reduction but a l so  allows a large amount o f  exceptionally 

f r l a b l e  material to be included i n  the f i n a l  insoluble residue. 

This material t s  o f  l i t t l e  o r  no value i n  improving sk id  resistance. 

In  a continued search f o r  a useful screening t e s t  t o  i d e n t i f y  

polishable carbonates, contact was made w i th  Rutgers University 

6eoIogy Department t o  determine t h e i r  i n t e r e s t  i n  providing technical 

and laboratory t e s t i n g  assistance t o  the Department o f  Transportation. 

As a r e s u l t  o f  t h i s  discussion a contract was l e t  f o r  consulting 

services f r o m  Rutgers whereby they would examine samples from a 

mininura o f  ten locat ions i n  order t o  determine i f  any means f o r  

forecasting the pol  i s h i  ng rates of carbonate aggregates could be 

established. (Copy o f  contract wi th Rutgers i s  available). This 



invest igat ion i s  s t i l l  i n  progress and i s  being performed by 

Mr. Warren Cumnings, Assistant Geo og is t  w i th  the Department. He i s  a 

graduate student a t  the Universi ty and i s  working under t h e i r  tutelage. 

Thls has served the dual funct ion o f  increasing the Department's 

expertise I n  th is  area as well as making use o f  the knowledge and 

equipment avai lable t o  the University. 

Attached are two reports prepared by Mr. Cumntngs. The f i r s t ,  

*Laboratory Investigation - Skid Resistance Properties o f  Carbonate 

Aggregates, Sunmary o f  A c t i v i t i e s  and Finding t o  January 1974" i s  

a preliminary report  dealing mainly with the laboratory phase o f  

the investigation. The second report, "Preliminary Report As t o  ~ 

the procedure Required t o  Predict  the Eventual Skid Resistance o f  

Carbonate Aggregates'' d i  $cusses the procedures necessary t o  predeter- 

mine the f i n a l  degree o f  po l ish o f  carbonate aggregate. It i s  based 

on one season's evaluation o f  these procedures on selected projects 

i n  the f i e ld .  B r ie f l y ,  the report  indicates tha t  a llleasurement o f  

four properties o f  the coarse aggregate w i l l  al low f o r  predict ion 

o f  sk id  numbers within broad l i m i t s .  However, the measurement process 

i s  a time consuming one t h a t  i s  presently beyond the physical capa- 

b i l i t i e s  o f  the Bureau o f  Inspection. It i s  not unreasonable t o  

expect t ha t  the Department o f  Transportation could eventually obtain 

the equipment and expertise necessary t o  perform the screening tests 

developed by Mr .  Cummings. However, the f a c t  t ha t  the t e s t  can not  

be accomplished quickly could pose insurmountable problems. A 

producer might stockpi le a large quanti ty o f  material which could not 
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be approved f o r  State work u n t i l  the test ing was completed. I f  i t  was 

not approved, he would have t o  once more stockpi le material and repeat 

the en t i re  process. The t i m e  delay for approval would (opt imis t ica l ly )  

mnge from two weeks t o  a month. Because o f  the v a r i a b i l i t y  o f  carbonate 

rock, especial ly f r o m  New Hope, each.and every stockpi le would have t o  

be sampled. As pointed out  i n  the second report, the many problems 

associated with the implementation o f  t h i s  screening procedure must be 

weighed against the a v a i l a b i l i t y  and costs associated with other 

aggregate sources. 

a 

Polishlnq Rates 

Another factor  t o  be considered i s  the number o f  vehicle passes 

which various aggregates can sustain without pol ishing to an unacceptable 

leve l  o f  sk id  resistance. Skid numbers and associated vehicle passes 

were determined f o r  some 80 locations using t rap rock aggregate, 50 

locations using carbonate rock and 33 s i tes  wi th  gneiss as the coarse 

aggregate. Regression analyses were perfonned separately on these 

three aggregate types with sk id  number as the dependent variable versus 

t r a f f i c  as the independent variable. The regression l i n e  f o r  carbonate 

rock (attached) shows a marked deter iorat ion o f  sk id  number wi th  

pol ishing under t r a f f i c .  This relat ionship i s  not seen a t  a l l  w i th  

t rap rock and t o  a much lesser degree on the gneiss sections. 

Although the v a r i a b i l i t y  of the data, together wi th the r e l a t i v e l y  

l im i ted  number o f  si tes, does not allow the use of these regression 

curves as predictors, they do i l l u s t r a t e  the general pol ishing trends. 

The use of carbonate rock aggregate i n  the surface course does imply 

a more rapid decay o f  sk id  number wi th cumulative vehicle passes. 



Economic Impact o f  Ban on Carbonate Rock 

A review o f  the anticipated economic impact o f  e l iminat ing 

carbonate rock f r o m  surface course follows. This i s  based on data 

fron the 1973 construction season f o r  a l l  Department o f  Transportation 

projects including state a i d  work. 

A. FHWA Par t ic ipat ing and Straight State Funded Projects. . 
Region 1 

Little o r  no carbonate rock used i n  construction. 

Region 2 

L i t t l e  o r  no carbonate rock used i n  construction. 

Region 3 

Total Coarse Aggregate used i n  Bituminous Concrete 600,000 tons 

Carbonate Rock used i n  Bituminous Concrete 24,000 tons 

Coarse Aggregate used i n  Surface Course 

Carbonate Rock used i n  Surface Course 

130,000 tons 

14,300 tons 

Increase i n  stone cost if Carbonate Rock were banned from: 
- _. 

A1 1 B i  tumi nous Concrete $24,000 

Surface Course only $1 4,300 

Estimated Increased Trucking Costs 

Costs per ton mile: N.J. = 0.12 Penna. = 0.07 

Weighted Average length o f  haul : (quarry t o  center o f  region) 

Trap Rock, 30 miles 

Carbonate Rock, 42 miles 
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A1 1 Carbonate -07 x 42 x 24,000 = $70,560 

-07 x 42 x 14,300 = $42,042 TOP 

A l l  Trap Rock -12 x 30 x 24,000 = $86,400 

- TOP .12 x 30 x 14,300 = $51,480 

Total Increase (Stone and Trucking) - , 
A l l  Courses $39,840 

Top Only $23,738 

Region 4 

Total Coarse Aggregate used i n  Bituminous Concrete 

Carbonate Rock used i n  B i  tumi nous Concrete 

54,033 tons 

17,615 tons 

Total Coarse Aggregate used i n  Surface Course 

Carbonate Rock used i n  Surface Course 

22,889 tons 

6,455 tons 

Increase i n  cost  i f  Carbonate Rock were banned from: 

A1 1 Bituminous Concrete $1 7,615 

Surface Course Only $ 6,455 

Estimated Increased Trucking Costs 

Weighted average length o f  haul t o  center o f  region. Carbonate 55 miles, 

Trap Rock, 70 m i l e s  

A l l  Carbonate Rock .07 x 55 x 17,615 = $67,818 

TOP .07 x 55 x 6,455 = $24,852 

.12 x 70 x 17,615 = $147,966 

.12 x 70 x 6,455 = $54,222 

A l l  Trap Rock 

TOP 



Total Increase (Stone and Truckinq) 

A l l  Courses $97,763 

Top Course Only $35,825 

loca l  Government Aid Projects 

If, i n  addition, the ban were t o  include State Aid projects: 

D i s t r i c t  1 and 2 - no carbonate rock 

D i s t r i c t  3 - Total increased cost = $12,450 (7,500 tons) 

D i s t r i c t  4 - Total increased cost * $24,400 (4,630 tons) 

Suning up the preceeding data, 919,000 tons o f  material were 

used i n  1973. I f  we use the average weighted pr ice o f  $14.35 per ton, 

the cost would be $13,188,000. The anticipated t o t a l  increase i n  

pr ice resul t ing from a ban o f  carbonate rock was $174,453 or 1.3 

percent. This i s  a worst case estimate, assuming that  a ban on 

carbonates i n  surface course would also r e s u l t  i n  t h e i r  not  being used 

f n  base courses. 

such a ban, the cost increase would be substantial ly smaller, probably 

less than $90,000. 

I f  use o f  carbonates i n  base layers continued a f t e r  

Some o f  the other factors whose impact cannot be evaluated are 

worth mentioning. F i r s t ,  increased trucking and possible re turn loads 

o f  sand from the South Jersey area might r e s u l t  i n  loner trucking costs. 

Secondly, p a r t i a l  shipment by r a i l  would have an ef fect .  Third, the 

decreased competition resul t ing from a ban on carbonates might r e s u l t  

i n  an increase i n  pr ice f o r  the permitted aggregates. Mi t igat ing 

against t h i s  i s  the f a c t  that  the ban could be rescinded a t  any time. 
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f lnal ly,  a l l  carbonate rock sources are outside the State o f  New Jersey. 

A ban on carbonate rock would thus have the e f fec t  o f  increasing the 

aggregate demands on i n-s ta te sources. This increased demand should 

I n  turn have a beneficial e f fec t  on the state's economy as the New 

Jersey aggregate industry i s  currently working a t  a reduced level. 
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-oratory I n v e s t i g a t i o n  
Skid  Resistance P r o p e r t i e s  of Carbonate Aggregates 
Summary of A c t i v i t i e s  and Findings t o  January 1974 

- 
-. 

- 

Skid resistance has been t h e  s u b j e c t  of sporadic  i n v e s t i g a t i o n  i n  the United S t a t e s  for 

over  20 years.  

many f a c t o r s  which a f f e c t  t h i s  phenomenon. 

I n  t h a t  t i m e ,  cons iderable  material h a s  been publ ished concerning t h e  

.- The most important  of t h e s e  f a c t o r s  is 

p a v a e n t  t e x t u r e  whose b a s i c  p r e c u r s o r s  a r e  t h e  l i t h o l o g y  and m i c r o s t r u c t u r e  of t h e  

coarse  aggregate. 

Severa l  previous i n v e s t i g a t o r s  have shown s k i d  resistance to  b e  produced by adhesion 

and deformation responses t o  tire-pavement i n t e r a c t i o n .  

processes are d i r e c t l y  related t o  t h e  macrotexture of the pavement s u r f a c e .  

adhesion is d i r e c t l y  r e l a t e d  t o  rsicrotexture.  

Both t h e s e  f r ic t ion 'producing  
4 

I n  a d d i t i o n ,  

"exture is a descr ip t ive  e n t i t y  encompassing t h e  dens i ty ,  h e i g h t ,  and a n g u l a r i t y  of 

pro t rus ions  above t h e  pavement sur face .  Host i n v e s t i g a t o r s  a r b i t r a r i l y  set  t h e  boundary 

between macro and micro 

Previous i n v e s t i g a t i o n s  

reduced i n  a r e l a t i v e l y  

f e a t u r e s  a t  0.2 mm of amplitude. 

have sh?n t h a t ,  as pavements wear, macrotexture jecomes g r e a t l y  

s h o r t  per iod  of t i m e ;  as l i t t l e  as t h r e e  months. With pavement -. 
agqrsgate  a t  o r  n e a r  i t s  m a x i m a  degree of p o l i s h ,  adhesion and deformatian f o r c e s  are 

red-ced. I f ,  however, t h e  aggregate  degrades s o  as t o  c o n s t a n t l y  renew a s u b s t a n t i a l  

m o m t  of r i c r o t e x t u r e ,  the r e s u l t a n t  adhesion has  been found t o  produce adequate s k i d  

r e s i s t a n c e .  

Thersfore ,  the  main goal of t h i s  c u r r e n t  research i s  t o  de te rn ine  what c h z r a c t e r i s t i c s  

of  tke aggregates:  (1) impede the r a t e  o f  p o l i s h ;  and more important ly  ( 2 )  produce 

a degradation that  r e t a i n s  a hig?: l e v e l  o f  microtexture .  
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- 
The f i r s t  s t e p  of t h e  c u r r e n t  i n v e s t i g a t i o n  w a s  t o  estimate t h e  e f f e c t s  of l u b r i c a t i n g  

contaminants which would m i t i g a t e  tire adhesion. Culpable agents  cons idered  inc luded  

oil, tire rubber,  smeared a s p h a l t  b i n d e r ,  and p o s s i b l y  c l a y  der ived  f r o r  t h e  aggregate .  

Evaluation was done v i s u a l l y  by examination of t h e  preserved cores and i o s p e c t i o n  of t h e  

pavements in place.  

aid-lane oil s t r e a k .  

w i t h  n e g l i g i b l e  results. 

Tie author  concluded t h a t  t h e  s k i d  nMlbers from t h e  trailer and t h e  B r i t l s h  p o r t a b l e  

ceter reflect t e x t u r a l  e f f e c t s  w i t h  minimal s i d e  effects. 

No s i g n i f i c a n t  amounts o f  l u b r i c a n t s  were found o u t s i d e  t h e  usual 

Inso luable  r e s i d u e s  were checked by X-ray d i f f r a c t i o n  f o r  c l a y  

Clay w a s  n e v e r  more than a trace l o s t  i n  q u a r t z  and f e l d s p a r .  

- 

* 

The n e x t  procedure w a s  t o  determine w h a t  pe t rographic  f e a t u r e s  of  t h e  aggrega tes  i n  

question would s u b s t a n t i a l l y  affect pacement tex ture .  

i d s  concentrated on th in  s e c t i o n s  made from e x t r a c t e d  aggregate  i n  epoxy. 

descr ip t ion  of t h e  geology of t h e  f o u r  aggregate  sources  and t h e  petrogra9hy of t h e  

sazples  is beyond t h e  scope of t h i s  r e p o r t ,  but  a few prime cons iderable5  are as follows: 

I n i t i a l  p e t r o g r a p h i c  examination 

A d e t a i l e d  

O x r a l l  carbonate gra in  s i z e  d i s t r i b u t i o n  is remarkably s i m i l a r  for a l l  b u t  one sample.  

i3e t y p i c a l  carbonate n a t r i x  i s  composed of densely packed, blocky do1oo;ite c r y s t a l s  

f r o =  .0025 mm t o  .050 mm i n  s i z e  with occas iona l  l a r g e r  anhedra l  c r y s t a l s .  Aggregate 

p ieces  composed solely of t h i s  n a t e r i a l  tend toward  a h igh ,  sometimes g l a s s y ,  p o l i s h .  

ifit e f f e c t  of  increas ing  d i s c o n t i n u i t y  of g r a i n  s i z e  h a s  y e t  t o  be e v a l u z t e d  fully. -. 

L q x z i n g ,  due t o  mineralogical  and/or  g r a i n  s i z e  d i f f e r e n c e s  ( lamina t ion  a d  f o l i a t i o n ) ,  

is .E 3rominent f e a t u r e  in many of t h e  samples .  Examination o f  t h e  e x t r a c t e d  aggregate  

a? :he pavement cores  v i t h  a b i n o c u l a r  microscope shows t h a t  l a y e r i n g  i s  p a r t i c u l a r l y  

e::sctive i n  producing rough g r a i n  s u r f a c e s .  - -  
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~ Fractures,  rehealed by r e l a t ive ly  coarse grained C,CO3, a re  f a i r l y  common i n  some samples. 

'Lhe e f f e c t  is similar t o  layering--putting d i f f e r e n t  gra in  s i z e s  ad jacen t  to  each other .  

Calcite veining does produce sur face  roughness i n  t h e  crushed material, but  i t s  performance 

under pavement sur face  wearing condi t ions m u s t  be evaluated i n  the next  phase of the  

project .  

Insoluble res idue,  pr imari ly  quar tz  sand and silt, has been d i r e c t l y  c o r r e l a t e d  with 

skid res i s tance  by many inves t iga tors .  Inso luble  res idue results from t h e  aggregates i n  

question here show a poorly defined, but  recognizable co r re l a t ion  with s k i d  res i s tance ;  

however, the most anomalous poin ts  can be explained i n  terms of another  parameter, such 
- 

. as grain s ize .  

Future Endeavors 

The next  s t e p  t o  be  taken w i l l  involve t h i n  sec t ion  study of t h e  pavement wearing surface.  

Sections w i l l  be prepared i n  the manner descr ibed by Webb (1970) and hopefu l ly  w i l l  pro- 

vide a method f o r  evaluat ing the e f f e c t  of the  above parameters on wearing cha rac t e r i s t i c s .  

I t  w i l l  a l s o  provide a method f o r  q u a n t i t a t i v e l y  evaluat ing sur face  t ex tu re .  



Pre7lminary Report As To The Procedure Required To Predict The Eventual Skid 
Resistance O f  Carbonate Aggregatest by Warren Cummines - 

Investigations i n t o  the devclopnent of slipperiness on bituminous concrete 
sueaces construc+d with carbonato coarse aggregato has indicated 4 moasureable 
properties of the coarse aggregate which e f fec t  the eventual degree of polish. 
.Thess 4 variables are as follows: 

(1) Percentage of + $200 mesh acid insoluable residue. 

(2) Percentage of coarse aggregate, + #8 siwe, other than carbonate. 

(3) overdl1 aean grain size or percentage of predominately coarse grained 
lithologies. 

(4) Percentage of laminated coarse aggregate fragments. 

DetemSnation of these variables requires acid treatment and petrographic th in  
section analysis by a procedure roughly outlined as  follows. 
represent the whole story but enable prediction of skid mnnbers dthin-broad 
units. 

A. F b l d  Sork 

They do not 
. 8 1  

- *  
i 

'I. I-kterial fo r  Job "1" stockpiled a t  quarry or asphalt plaht (stockpile 
shape, size, etc. may have t o  be specified). 

II. '=borough, r i tua l i zed  sampling of the stockpiles entire perimeter using 
a f ront  end loader. 
a) one forty pound Sag per 1000 tons. 

B. Testing 
I. S lit out a $00 gram s&ple, per bag, of + #8 material. 

ap Divide 500 g. sample into 50 g. units. 

Essolve 4 of the 50 g. units i n  conc. RCL individually 
a) when action stops neutralize with NaHC03 and decant liquid 

1. dry the residue 
b) weigh dried residue. 
c) wash residue through a #200 mesh sieve. 
d) collect  + #200 mesh material, dry, and weigh. 
e) calculate percent of + f200 material and average the 4 results.  
f) if the 4 resul ts  are widely divergent, re run the process using 

Construct 2 p a i n  mounts of +if8 aggregate i n  a suitable epoxy using 
2 50 g. units. 
r) make 3 thin sections per grain mount, 
b) analyze sections Fetrographically to  determine: 

1. grain size distribution 4. 

c) I f  material is hi,gSly verbble more grain mounts and thin sections 

TT. 

4 more 30 g. units. 

2. lithologic distribution 

should be made 1&ti2 a s t a t i s t i c a l  pattern is established. 



N. Estwt skid resistance potential (methodology f o r  this is s t i l l  being - refmed! 

V. Approve materid. or re jec t  Kith reccrmmendations for corrective action. 

Eecause of the variabil i ty of some aggregate sources, especially New Hope 
Crushed Stone, evaluation would have t o  be made on a stockpile by stockpile 
basis. 

- 

The analytical process, particul&ly the petrographic work, is  time consrrming 
and @te tedious, The time required to complete a set of samples depends 
on several factors. The most hpor tan t  of which is the r a t e  of sample influx, - 

Under ideal conditions a complete analysis plight be made in 1 
This asmes t h a t  the author would make the thin sections using equipent  a t  
Rutgers U., as has been the case previously during H. S. Thesis work on skid 
resistance. It also assumes 110 diversions of the author's time and no mishaps 
along the way. Time requirements per stockpile would be a t  least 24 hours per 
1000 tons (1 bag sample) & travel time etc. If the samples are sent to a 
commercial thin section preparer (approx. $2.75/section) , as has been done - 
i n  a previous Bur. of Insp. program, analysis would take a month. c < t h e  
case of a rejection, the procedure uould be,& all over again after a new 
stockpile had been built.  

Currently the  author i s  the only employee of the  Eur. of Insp., and probably 
the entire D. 0. T., qualified to  do petrographic analysis and make thin 
sections. h e  t o  the time.required for  the various procedures involved an in- 
flux of more than 2 or 3 one bag samples a week would amount t o  an overwklming 

Finally, there has been some reluctance in the past a t  the Eur. of Insp. to 
embark on programs involving stoc!cpile by stockpile approvals due 
strain on personnel resources and tontrol  problems. 

to 2 weeks. 
. 

~ 

- 

Oad. 
a 

the 

Conclusions 

Skid numbers can be predicted within broad limits by measuring 4 properties of 
the coarse aggregate. The measurement procedure is time consuming and tedious 
and could easily overvelm the capacity of the Bur, of Insp. t o  digest the  samples. 
The potent id  fo r  confusion delay and entanglement i n  red tape is high especially 
h the case where material was rejected. 
instituting carbonate rock approval f o r  surface course use on the basis outl ined 
above k i l l  create many problew t o  be weighed against. cost and avai labi l i ty  
factors i n  general aggregate supply. 

It i s  the opinion of the author tha t  

(A) Explanation of variables mentioned i n  the main text. 

1. + 9200 nosh insoluable residue8 
This is t hana te r i a l  +ch zynains after the reaction of carbonate rock 
w i t h  Hydrochloric acid2 'in a l l  the cases examined thus f o r  the residue 
has consisted xeostly oE quartz with lesser amounts of mica and t races of 
feldspar d clay. O t h e r  dnerals a r e  rarely seen. 

: 
. - L  

The inso1uable material is UneVe!dY distributed, in both size  and amount, 
among the azgagate f rapents .  Concontration of the insoluable i n  a few 
Pisces tends to reduce expected skid resistance, 



- Insoluble  residue in carbonate aggregates has long been recognized as having 
a direct effect on skid numbers but this effect  has been poorly quantified. 
The relationship apparently holds f o r  materials which have been used in New 
Jersey, 
of points through which a straight l i ne  trend can be constructed, 
considerable scatter can be attributed to  tho combined effects of other 
aggregate and pavement variables. 
I.R.= 1/3 (SN&)-8.3 or I.%= .38(B.P.)-18.8. 

Therefore insoluable residue is apparently the major variable although i ts  
effect is modified by other factors. 

A plot of sldd number vs. +200 insol. residue yields a scattering 
The 

The average trend is a p p r h t e l y  

2. Aggregate other than carbonate rock: 
There are three significmt items i n  this catagory: 
+#8 sieve fraction of the fine aggregate (very coarse sand), (2) large quartz 
fragments from flint patches o r  veins (a t  Doming Town) 
the 15 foot thick dike a t  Hew :ope. 

(1) Quarts from the 

(3) Trap rock from 

These materials have a small  tendency to  improve skid resistance. I n  small 
anouts  they may be considered p a r t  of the insoluable residue, 

A preponderance of coarse grained lithologies tends to have a positive effect 
on skid resistance, especially when insoluble residue is low. I n  the one 
case exsmined by the author an aggregate from Go & W.H. Corson with a very 
low insoluable content gave a moderate skid number. The aggregate',s only 
anamolms feature was a mean grain size  a t  l e a s t  twice as great as a l l  other 
samples examined. 
teSk.zre. 

' 
. - I  

3, Mean Grain Sizet 

The larger grain size resulted i n  a sugary wearing surface 
0. 

4. Lnmltcd aggregate fragmentst 
These are agpgate ,pieces  which contain very thin layers of different i i thologies 
such as concentration of quartz sand o r  mica o r  various grain sizes, 
result is differential  mar and a broken surface which muld tend to improve 
sldd resistance. The author has not yet seen a case where there was enough 
of this type material to  be significant. 

The most importan€ these 
are (1) grading of tho  fine agpegate, (2) asphalt content and bleeding, ( 3 )  
surface contaninants , and (4) overall pavement microtepography, especially 
unlrained p i t s  and depressions. See Schonfeldr onto Do H, Rept #RR 155, 1970 

The 

(B) Other variables Eadst which effect sldd resistance. 

Bur. of Inspection \ 

sl 
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