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I. CONCLUSIONS 

The i n v e s t i g a t i v e  work described i n  t h i s  r epor t  has  lead t o  the  

following conclusions : 

1. Use of the PennDOT SRL (Skid Resistance Level) system t o  

analyze New J e r sey  s k i d  r e s i s t ance  d a t a  y i e l d s  no new information on 

the  adequacy of carbonate aggregates f o r  bituminous su r fac ings  . 
However, t h e  appropriateness of the P e n n m  approach f o r  such an 

ana lys i s  is somewhat i n  quest ion.  

determination of an equation r e l a t i n g  sk id  number, SN, t o  t r a f f i c  

volume, ADT. Data v a r i a t i o n  frequent ly  causes t h e  equation t o  be 

r e l a t i v e l y  imprecise. 

means of  accounting f o r  t h a t  imprecision. 

A key p a r t  o f  t h i s  system is t h e  

Unfortunately, the SRL system includes no 

2 .  The sk id  r e s i s t ance  of dense-graded, bituminous concrete 

s u r f  aces on Kew Je r sey  Department of Transportat ion maintained highways 

is  ' s i g n i f i c a n t l y  a f f ec t ed  by roadway speed l i m i t  and l e v e l  of t raff ic  

volume. 

t o  speed linit i n  e s s e n t i a l l y  a l i n e a r  fashion with low s k i d  numbers 

.. 
For any given range of t raff ic  volumes, s k i d  number i s  r e l a t e d  

being a s soc ia t ed  with low speed limit condi t ions.  Traffic volume has 

a d i f f e r e n t  e f f e c t  on s k i d  r e s i s t a n c e  as low ADT l eve l s  are conducive 

t o  high SN values.  

roughly approximated by a l i n e a r  equation. 

The r e l a t i o n s h i p  between SN and ADT can a l s o  be 

However, it is apparent 

t h a t  ADT has a more pronounced affect on s k i d  numbers a t  low t raff ic  

volumes ( l e s s  than 20,000 vehicles  p e r  day) than a t  high volumes. 



3. A procedure has  been developed f o r  detennining t h e  speed 

l i m i t  and ADT conditions t h a t  penni t  t he  coarse aggregate from a 

carbonate quarry t o  be used without causing ino rd ina te ly  low pavement 

s k i d  r e s i s t ance .  

t he  skid  r e s i s t ance  r e l a t i o n s h i p s  found i n  t h i s  study. 

permissible  l eve l s  of  ADT and speed l i m i t  i n  such a way t h a t  t he  

p r o b a b i l i t y  of  producing a low s k i d  number pavement (an SN value 

lower than t h a t  recommended i n  NCHRP Report 637) is, no g r e a t e r  t han ,  

t h e  p r o b a b i l i t y  of  f inding a low SN value anywhere on t h e  NJDOT's 

bituminous pavement network. 

a r e  highl ighted i n  Figure 5 of  t h i s  report  and given i n  d e t a i l  i n  

t h e  Appendix, 

The procedure relies on p r o b a b i l i s t i c  methods and 

I t  s e l e c t s  

The mechanics of  t h e  new procedure 

4 .  By applying t h e  procedure mentioned above , p e m i s s i b l e  

l e v e l s  o f  ADT and speed l i m i t  were determined f o r  ledger  dolomite 

Quarries 100 and 102. 

qua r r i e s  can be used i n  bituminous pavement with speed l imits  up 

t o  SO mph and with design t raff ic  volumes up t o  4,000 veh ic l e s  p e r  

day (vpd) . 
found t o  modify the cu r ren t  r e s t r i c t i o n s  on i t s  use. 

I t  appears t h a t  coarse aggregate from these  

For mater ia l  from carbonate Quarry 104, no b a s i s  was 

5 .  I t  is considered d e s i r a b l e  t o  carry t h e  work of t h i s  

i nves t iga t ion  f u r t h e r  so t h a t  s t i l l  more knowledge can be gained 

about t h e  i n t e r a c t i o n  of SN, speed l i m i t ,  t r a f f i c  volume, and o t h e r  

f ac to r s  a t  low ADT conditions.  The da ta  base used i n  t h i s  study, 

although extensive,  would have to be expanded t o  permit such f u r t h e r  

assessments. 



11. RECObIfENDATTOXs \ 

I .  I t  i s  proposed t h a t  the NJDOT's cur ren t  r e s t r i c t i o n s  on 

use of carbonate aggregate i n  bituminous concrete su r face  course not  

be appl ied t o  l edge r  dolomite q u a r r i e s  100 and 107. 

r e s t r i c t i o n s ,  it is  recommended t h a t  coarse  aggregate from Quarr ies  100 

and 102 be t e n t a t i v e l y  permit ted i n  bituminous pavements with design 

t r a f f i c  volumes up t o  4,000 vpd and design speed limits up t o  SO mph. 

These c r i t e r i a  w i l l ,  no doubt, have minimal impact OR carbonate 

usage f o r  t he  Department's r o u t e  system. 

i n  s i g n i f i c a n t  i nc reases  i n  carbonate use on l o c a l  government roads. 

Instead o f  t h e s e  

However, they may r e s u l t  

2 .  Because o f  i n s u f f i c i e n t  d a t a ,  i t  was not poss ib l e  t o  

i n v e s t i g a t e  a l l  carbonate q u a r r i e s  t h a t  have suppl ied New J e r s e y  

paving p r o j e c t s .  Only t h e  major q u a r r i e s  could be evaluated. I f  

a d d i t i o n a l  da t a  can be found from o t h e r  sources (county o r  municipal 

rou te s  i n  New Je r sey  o r  rou te s  i n  neighboring s t a t e s ) ,  t h e  procedures 

developed i n  t h i s  s tudy should be used t o  e s t a b l i s h  new use c r i t e r i a  

f o r  t he  o t h e r  carbonate q u a r r i e s .  In  t h i s  regard,  an a n a l y s i s  o f  

Penn DOT d a t a  f o r  ledger  dolomite Quarry 103 has a l ready been 

accomplished and i n d i c a t e s  t h a t  it can be t r e a t e d  i n  t h e  same fashion 

as Quarr ies  100 and 102. 

3 .  An e f f o r t  should be made t o  expand t h e  d a t a  base used i n  

t h i s  i n v e s t i g a t i o n  t o  permit an assessment o f  o t h e r  f a c t o r s  t h a t  may 

have a de tec t ab le  a f f e c t  on s k i d  r e s i s t a n c e .  The work reported he re in  

could only consider t h e  r o l e s  t h a t  roadway speed l i m i t  and t raff ic  

volume p lay  i n  e s t a b l i s h i n g  t h e  SN l e v e l  o f  a pavement. 

f a c t o r s  such as pavement age and number of t r a f f i c  lanes  may a l s o  

Other 

be important.  The use c r i t e r i a  proposed f o r  Quarr ies  100 and 102 

I 
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should be considered tcnzat ive u n t i l  these o t h e r  f a c t o r s  can be 

evaluated. 

4.  

\ 

I t  is proposed t h a t  a study be i n i t i a t e d  t o  determine 

if the procedures used i n  t h i s  inves t iga t ion  can be adopted as a 

standard NJDOT method f o r  es tab l i sh ing  use c r i t e r i a  f o r  a l l  q u a r r i e s  

serving Department pro jec ts .  

and benef ic ia l  endeavor. 

This would seem t o  be both a f e a s i b l e  



-3- 

I I I. INTRODUCTION 

During t h e  ten y e a r  period from 1965 t o  1975 the New Jersey 

Department of Transportation car r ied  out numerous inves t iga t ions  t o  

determine t h e  causes of s l ippery  pavements and the  means f o r  preventing 

t h e i r  occurrence. 

that low s k i d  r e s i s t a n t  pavement incurred inord ina te  numbers of  w e t  

weather,  skidding type accidents .  With bituminous pavements i t  w a s  

The impetus for these e f f o r t s  w a s  the  observation 

found t h a t  low sk id  r e s i s t a n c e  w a s  of ten associated with t h e  use of 

carbonate rock coarse aggregate i n  the r i d i n g  surface. 

t h e  perpetuat ion of such condi t ions, the Department took act ion i n  

t h e  s p r i n g  o f  1975 t o  res t r ic t  the  use of carbonate rock i n  bituminous 

paving operations.  

To preclude 

' Two types of r e s t r i c t i o n s  were adopted., For a l l  highways 

under the  maintenance j u r i s d i c t i o n  of t h e  Department, a t o t a l  ban 

was.placed on the f u t u r e  use of carbonate rock aggregates i n  surface 

courses of bituminous type pavement. 

roads constructed with state funding a i d ,  carbonate aggregate w a s  

For county and municipal 

only permit ted i n  surface course i f  a sur face  renewal (overlay,  

surface treatment,  etc) would occur p r i o r  t o  t h e  carbonate surfacing 

rece iv ing  more than 2 mil l ion  vehicle  coverages. The coverage 

c r i te r ia  w a s  based on previously measured pol i sh ing  r a t e s  f o r  

carbonate paving mixtures on s t a t e  highways. 

whatsoever, w e r e  placed on use of carbonates i n  bituminous mixtures 

No r e s t r i c t i o n s ,  

below t h e  r i d i n g  surface.  
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I n  t h e  months t h a t  followed the Department's decision t o  

l i m i t  carbonate usage, numerous meet ings were he ld  with r e p r e s e n t a t i v e s  

of  both the  aggregate supply and bituminous paving i n d u s t r i e s .  

expressed a s t r o n g  concern over the economic effects o f  the new 

Industry 

r e s t r i c t i o n s  and o f f e r e d  s e v e r a l  suggestions as t o  how carbonates 

S g h t  be used without posing a detriment t o  d r iv ing  s a f e t y .  

the i n t e n t  of t h i s  r e p o r t  t o  review the Department's e f f o r t s  i n  

evaluat ing i n d u s t r y ' s  various proposals and t o  p re sen t  r e s u l t s  f o r  

I t  is 

those eva lua t ions  t h a t  have been completed. 

IV. BLENDING OF COARSE AGGREGATES 

One of  i n d u s t r y ' s  i n i t i a l  suggestions w a s  t h a t  a blending of  

coarse aggregate from carbonate and non-carbonate sources  would be 

an e f f e c t i v e  means o f  producing a bituminous mixture o f  adequate 

sk id  r e s i s t a n c e .  Work done i n  both Pennsylvania and N e w  York w a s  

c i t e d  as a v a l i d  precedent.  Department engineers responded by 

po in t ing  ou t  t h a t  they had t r i e d  blending and it had proved unsuccessful .  

On U.S. Route 1 n e a r  t he  S t a t e ' s  cap i to1 , the  Department had 

constructed s e v e r a l  t e s t  s e c t i o n s  f o r  which a carbonate aggregate w a s  

blended with var ious o the r  aggregates.  Unfortunately,  no b e n e f i c i a l  

e f f e c t  on s k i d  r e s i s t a n c e  w a s  achieved. ( lE2) The carbonate ma te r i a l  

used i n  these  tests w a s  from a s i n g l e  source,  the p r i n c i p a l  s u p p l i e r  

of carbonate aggregates f o r  Department p r o j e c t s .  This p a r t i c u l a r  

quarry (designated as Quarry 104 i n  t h i s  r epor t )  w a s  supplying 

approximately 3/4 o f  a l l  t he  carbonates being used i n  N J X J T  pavements. 

NOTE: Numbers i n  pa ren thes i s  r e f e r  t o  references l i s t e d  a t  t h e  
end of  t h i s  r e p o r t .  



Other carbonate qua r r i e s  had been contacted a t  t h a t  t ime,  but  f o r  

one reason o r  another did not p a r t i c i p a t e  i n  the  t e s t .  

Industry representat ives  f o r  those carbonate qua r r i e s  o t h e r  

than Quarry 104 voiced an opinion t h a t  the Department's blending 

trials were not appl icable  t o  t h e i r  materials. In  p a r t i c u l a r ,  a 

delegat ion represent ing seve ra l  Pennsylvania q u a r r i e s ,  whose material 

is i d e n t i f i e d  as "ledger .dolomite",noted t h a t  PennDOT ra t ed  ledger 

dolomite as possessing b e t t e r  skid resistance p rope r t i e s  than aggregates 

from Quarry 104. 

of the blending concept, but  with a ledger dolomite, would be des i r ab le .  

I t  w a s  subsequently agreed t!!at another f i e l d  t r i a l  

A t  the  wr i t i ng  of t h i s  r e p o r t ,  a Maintenance con t r ac t  has been 

l e t  f o r  bituminous concrete mixtures of carbonate blends t o  be placed 

on Route 130 nea r  Yardvi l le ,  New J e r sey .  

t hese  mixtures w i l l  be a ledger dolomite and a non-carbonate, non- 

sefiimentary rock, probably diabase t r a p  rock. 

ledger dolomite blends w i l l  be accomplished i n  Apri l  1978. 

The coarse aggregates f o r  

Placement of the 

V. TRIAL APPLICATION OF PENNSYLVANIA SRL SYSTEM 

Another proposal offered by industry was f o r  the Department 

t o  use the  aggregate c l a s s i f i c a t i o n  c r i t e r i a  t h a t  had r ecen t ly  been 

adopted by the  Pennsylvania DOT (adopted by Penn DOT January 1975). 

Representatives of t he  ledger dolomite qua r r i e s  noted t h a t  PennDOT 

had r a t ed  t h e i r  ma te r i a l s  as "Good",from a s k i d  r e s i s t ance  standpoinr . 
and safe f o r  use on roadways with average d a i l y  t raff ic  up t o  

5000 vpd. 

I 
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To evaluate indus t ry ' s  proposal ,  s eve ra l  o f f i c i a l s  of PennDOT 

were contacted and a d r a f t  copy of a paper ou t l in ing  the  new aggregate 

c l a s s i f i c a t i o n  system was obtained. (3) With the PennDOT SRL (Skid 

Resistance Level) system, summer and early f a l l  sk id  t ra i ler  (ASTM 

Ski'd Tester)  measurements are p l o t t e d  aga ins t  Average Annual Daily 

T r a f f i c  (ADT) and a regression l i n e  is determined (Figure 1). The 

ADT which corresponds t o ' a  Skid Number (SN) of 40 on t h i s  l i n e  

e s t a b l i s h e s  an SRL r a t i n g  i n  accordance with the c r i t e r i a  shown i n  

Figure 2 .  

which the agRregate can be used i n  a pavement. 

of t h e  c l a s s i f i c a t i o n  is t o  spec i fy  permissible  use of aggregates i n  

* 
The SRL r a t i n g  then gives a range of t ra f f ic  volumes f o r  

The claimed purpose 

such a way as t o  increase t h e  l ikel ihood t h a t  a new, dense-graded 

su r face  would have a skid number of for ty ,  o r  g rea t e r ,  throughout 

i t s  service l i f e .  Based on recommended minimum s k i d  r e s i s t ance  

requirements given i n  N(HW Report No. 3 7 ( 4 ) ,  i f  a pavement has a 

s k i d  number of 40 and average speed gradient  c h a r a c t e r i s t i c s  it 

should be adequate f o r  a l l  mainline,  rural t raff ic  condi t ions with 

speeds up t o  55 mph. 

.. 

After reviewing the SRL system, Department researchers  were 

concerned as t o  its a p p l i c a b i l i t y  t o  N e w  J e r sey  pavements containing 

carbonates. A t  the hea r t  of t he  SRL system is the assumption t h a t  

minimum s k i d  r e s i s t ance  ( sk id  numbers) a f t e r  the f i r s t  yea r  of 

t raff ic  i s  an i n v a r i a n t  with time. This d i d  not completely agree 

with ava i l ab le  da t a  from N e w  J e r sey  pavements which showed a 

tendency f o r  carbonate rock mixtures t o  continue t o  decrease i n  
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sk id  resistance beyond the  f i r s t  year  of use. 

SRt system w a s  b a s i c a l l y  cor rec t ,  i t  appeared t o  make no allowance 

fo r  d a t a  v a r i a b i l i t y .  

regression l ine  would no doubt vary around the regression l i n e  due 

t o  materials and measurement var ia t ion .  An allowance f o r  a t  least  

the' mater ia ls  port ion of the var ia t ion  would have t o  be made t o  

be confident that a f u t u r e  pavement containing t h e  c l a s s i f i e d  

aggregate would indeed have a s k i d  number of a t  least 40. 

Also, even i f  the  

The data  used t o  generate the  SN vs ADT 

In s p i t e  of t h e  questions ra i sed ,  the SRL system w a s  

applied t o  SN and ADT data  ava i lab le  f o r  bituminous pavements i n  

the Department's highway system. 

from t h e  1975 Skid Resistance Inventory were used along with t h e  

most recent (1974) ADT data.  

appl icat ion a re  shown i n  Table 1. 

Average s k i d  tester measurements 

The key r e s u l t s  of the t r i a l  

Table 1 - T r i a l  Application of SRL System 

-. 
Number ADT 

Source of of In te rcept  Slope a t  SRL Corre la t ion  
Aggregate Data Pointsa (SN) (SN/ADT) SN = 40 R a t i n y  - Coeff ic ien t  

Carbonate less be 1 ow 
Quarry 104 204 39.8 -0.00026 than zero poor 0.42 

A l l  Ledger 
Do lomi t e  less below 
Quarries 53 39.5 -0.00011 than zero poor 0 .49  

A l l  Gneiss 
Quarries 176 48.2 -0.000092 89,000 high 0.23 

A l l  Trap Rock 
Quarries 413  46.4 -0.000 11 58,000 high 0 . 5 2  

Gneiss Quarry 
206 36 49.8 -0.00011 89,000 high 0.23 

Trap Rock 
Quarry 321 62 46.3 -0.00025 25,000 high 0 -52 

aThe SN value f o r  each d a t a  p o i n t  w a s  an average of f r o m  3 t o  5 s k i d  tests 
p e r  mile made on t h e  outside lane a t  a 40 mph t es t  speed. 
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Llnfortunately, as the data of Table 1 indica tes ,  the results 

of  the SRL t r i a l  f a i l ed  to  shed any new l igh t  on the matter of 

carbonate usage. The carbonate quarr ies  were shown by the SRL 

system t o  be inadequate f o r  use in  our standard surfacings a t  

a l l  levels  of t r a f f i c  v o l - m .  

t rap  rock quarr ies  which form the major source of paving aggmgates 

On the other hand, the gneiss and 

f o r  the Department were indicated t o  be acceptable f o r  r e l a t ive ly  

high t r a f f i c  volumes. 

While these findings supported the Department's previous 
I 

assessments of carbonate rock, there w a s  s t i l l  concern over the 

appl icabi l i ty  of the SRL system t o  New Jersey conditions. The 

cor re la t ion  coeff ic ients  f o r  the regression l ines  were ra ther  

poor, generally less than 0.5 (1.0 is excel lent  correlat ion and 

0 is no correlat ion)  suggesting t h a t  there may not be a very 

strong l i nea r  re la t ionship between skid number and ADT f o r  New 

Jersey pavements. 

various non-linear regression techniques wen then t r i e d ,  along 

with modifications to  the ADT values t o  account for t r a f f i c  

d i s t r ibu t ion  on multi lane roadways. 

t h e  or ig ina l  correlat ions could be obtained. 

In an attempt t o  improve on those r e s u l t s ,  

No s igni f icant  c!!anges from 

Industry w a s  advised tha t  the t r i a l  of the SRL system gave 

no new infomat ion  t o  cause the Department t o  modify i t s  r e s t r i c t ions  

on carbonate aggregate. Differences i n  gradations and asphalt  levels 

of the bituminous mixtures used i n  New Jersey and Pennsylvania 

were suggested as possible  reasons f o r  the SRL system yielding 

d i f f e ren t  r e su l t s  i n  the two s t a t e s .  

i 



V I .  DEVELOPENT OF NEW CARBONATE USE CRITERIA 

In  l a t e  1976, representat ives  of s e v e r a l  ledger  dolomite 

q u a r r i e s  again proposed t h a t  consideration be given t o  r e s u l t s  of 

aggregate c l a s s i f i c a t i o n s  es tab l i shed  by Pennsylvania. 

poihted out  t h a t  Pennsylvania had recent ly  r e c l a s s i f i e d  t h e i r  

quar r ies  based on f u r t h e r  s k i d  res i s tance  da ta .  

They 

Their  materials 

were now r a t e d  as Wight '  in s k i d  resistance and could be used i n  

bituminous pavements i n  Pennsylvania with t r a f f i c  volumes up t o  

20,000 vehicles  p e r  day: 

In  response t o  i n d & t r y ' s  proposal,  a new inves t iga t ion  w a s  

i n i t i a t e d  t o  see  i f  l e s s  r e s t r i c t i v e  but  s a f e  use c r i t e r i a  could 

possibly be developed f o r  carbonates.  
- 

For t h i s  work a s p e c i a l  e f f o r t  

w a s  made t o  expand t h e  d a t a  base beyond t h a t  ava i lab le  f o r  the t r i a l  

of the SRL system. A v a r i e t y  of addi t iona l  information sources were 

re\;iewed i n  an attempt t o  i d e n t i f y  quarry sources for a l l  sec t ions  of 

bituminous pavement i n  t h e  Department's system. 
* .  

In  t h e  SRL t r i a l  

only information a v a i l a b l e  i n  the  c e n t r a l  l abora tory ' s  f i l e s  w a s  

u t i l i z e d .  A l s o ,  t o  minimize erroneous input  of  s k i d  r e s i s t a n c e  

values ,  two Department engineers v i s u a l l y  checked t h e  sur face  of 

every sec t ion  of pavement on t h e  system which contained a carbonate 

aggregate. Any sec t ions  t h a t  appeared f a t t y  o r  contaminated by 

crack sealer or o i l  dr ippings,  so as t o  give f a l s e  i n d i c a t i o n s  o f  

aggregate s k i d  r e s i s t a n c e  q u a l i t y ,  were excluded from considerat ion.  

A. 

Because of the  def ic ienc ies  found i n  t h e  e a r l i e r  t r i a l  o f  

t h e  SRL system, no major e f f o r t  w a s  made a t  t h i s  p o i n t  t o  develop 

Evaluation of Res t r ic t ions  Based on Speed L i m i t  



an adaptation of the PennDOT methods. 

f o r  carbonate use cr i ter ia  were formulated and then given a 

preliminary assessment by applying rhe c r i t e r i a  i n  a simulated 

fashion t o  the  s k i d  resistance da ta  base. 

t o  have the  most merit  was t o  r e l a t e  use r e s t r i c t i o n s  t o  roadway 

speed limit. The i n t e n t  here w a s  t o  take advantage of the f a c t  

t h a t ,  as t raff ic  speed decreases,  the miniminn required leve l  of 

s k i d  res i s tance  (skid number measured a t  40 mph) a l so  decreases.  

Thus, it  seemed a carbonate which is inadequate f o r  say 50 mph 

t r a v e l  conditions could possibly be safe at  some lower speed. 

Instead severa l  new ideas  

The idea which appeared 

The re la t ionship  between speed and minimum required s k i d  

numbers is shown i n  Table 2 .  The numbers i n  t h i s  t a b l e  are  based 

on recommendations given i n  NCHRP Report 37(4) and are  minimum 

values f o r  main rural highways having speed gradients  ( r a t e  of 

reduction of skid number with test  speed) between 0.5 and 0.8. 

The-vast  majority of NJDOT bituminous pavements tend t o  have a 

speed gradient  n e a r  0.5 while recent evaluations ind ica te  our 

carbonate pavements e x h i b i t  gradients  i n  the  0.6 t o  0.8 range. 

' 

Although t h e  requirements of Table 2 were o r i g i n a l l y  

only proposed f o r  main, rural highways, they have become the  

yards t ick  t h a t  engineers general ly  apply t o  a l l  roadway conditions 

s i n c e  research has y e t  t o  produce v a l i d  a l t e r n a t e  standards.  

N e w  Jersey Department of Transportation has been p a r t  o f  this 

t r e n d ,  using the s k i d  number requirements of N(HW Report 37 as a 

general  guide i n  a l l  of i ts  skid res i s tance  inves t iga t ions .  

The 
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&an Traffic . Speed Gradients 
Speed (mph) 0.5 0.6 0.7 0.8 

20 30 28 26 2 4  

- - - -  

30 31 30 29 28 

40 33 33 33 33 

50 37 38 39 40 

60 41 43 45 47 

70 46 49 52 55 

80 51 55 59 63 

aMininnun s k i d  numbers as recommended i n  NmRP Report #37 
and when measured i n  accordance w i t h  ASTM E-274 Method of 
Test .  

. -  

SN40 = s k i d  number, measured a t  40 mph, including 
allowance f o r  t h e  s k i d  number reduction with t e s t  speed 
using the mean gradient  c i t e d .  

b 

In  e s t a b l i s h i n g  a speed r e l a t e d  use cr i ter ia  f o r  carbonates ,  

it w a s  considered necessary t h a t  some type o f  p r o b a b i l i s t i c  approach 

be followed. The thought he re  w a s  t ha t ,  t o  be t r u l y  r e l i a b l e ,  the 

developed c r i t e r i a  should account f o r  the va r i ab le  na tu re  of t h e  

s k i d  r e s i s t ance  c h a r a c t e r i s t i c s  of a qua r ry ' s  ma te r i a l s .  The laws 

of p r o b a b i l i t y  and s t a t i s t i ca l  ana lys i s  could be used t o  achieve 

such an accounting. I t  w a s  a l s o  bel ieved appropriate  t h a t  t h e  use 

r e s t r i c t i o n s  be so e s t a b l i s h e d  as t o  achieve pavements of s k i d  



resistance q u a l i t y  equal t o  the averaqe q u a l i t y  of t h e  Department's 

present  road systems. 

res i s tance  q u a l i t y  of our present  roads i s  considered adequate 

and the  use of aggregates t h a t  could cause a pavement t o  have a 

worse q u a l i t y  would n o t  be permitted. 

With such a concept, t h e  average s k i d  

Nith the preceding ideas i n  mind, i t  w a s  planned t o  determine, 

f o r  each carbonate quarry , the probabi l i ty  of  its mater ia l  y ie ld ing  

a pavement with a s k i d  number below each of  the l i m i t s  given i n  

Table 2 .  For any one limit, a good estimate of the  p r o b a b i l i t y  

involved i s ,  simply, the percentage of  below-limit s k i d  number 

measurements t h a t  are found on pavements containing the quar ry ' s  

aggregate.  

p r o b a b i l i t y  f igure  t h a t  character izes  the average s k i d  res i s tance  

q u a l i t y  of t h e  Department's current  system of b i  tUmin0u.s pavements. 

The appropriate  probabi l i ty  s ta t i s t ic  t o  use here  would be the  percent of 

belb ; - l imi t  s k i d  numbers found f o r  a l l  bituminous roads. 

h ighes t  acceotable o r  safe  speed for using a u a r t i c u l a r  a u a m ' s  aggregate 

would then be selected, so t h a t ,  t h e  p r o b a b i l i t y  of producing a low skid 

number pavement would be no g r e a t e r  than the current  o v e r a l l  

p robabi l i ty  of f inding a low s k i d  number anywhere i n  the system. 

I n  t h i s  manner, use of any carbonate quarry would be r e s t r i c t e d  

t o  those t ra f f ic  speed conditions €or which t h e r e  would b e  no 

"inordinate" chance of the  pavement d e t e r i o r a t i n g  t o  an unsa t i s fac tory  

l e v e l  of s k i d  resistance. 

The percentage r e s u l t s  could then be compared t o  a 

Th'e 
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, 

The f i r s t  s t e p  i n  applying t h i s  approach w a s  t o  compute 

the average overa l l  s k i d  resis tance q u a l i t y  of the Department's 

bituminous pavements. Thus , a determination w a s  made of t h e  

percent of  - a l l  sk id  n m b e r  measurements on bituminous pavements 

t h a t  f a l l  below the limits of Table 2. 

of t h a t  determination. A l l  s t a t i s t i c s  were derived from an analys is  

of  da ta  gathered i n  t h e  1976 s k i d  res i s tance  inventory.  

speed limit category of our route system, the  percentage o f  s k i d  

number measurements below the applicable NCHRP minimum s k i d  number 

w a s  determined. This determination w a s  made both by d i r e c t  count 

and by estimatign using areas under the  s t a t i s t i c a l  normal c u n e .  

Table 3 gives t h e  r e s u l t s  

For each 

From the  weighted average percentage values a t  the bottom 

of Table 3, i t  is seen t h a t  approximately 24% o f  a l l  s k i d  r e s i s t a n c e  

measurements of our bituminous pavements f e l l  below t h e  NCHW 

reiomended minimum requirements. Thus, based on the 1976 survey,  

we can say the probabi l i ty  of f inding a low s k i d  number pavement on 

our bituminous road system is about 24%. 

-. 

According t o  the planned method of ana lys i s ,  f o r  each carbonate 

quarry,  the  24% f igure  w a s  t o  be compared t o  t h e  quar ry ' s  speed l i m i t  r e l a t e d  

p r o b a b i l i t i e s  of low SN measurements. However , when reviewing the 

various infomat ion  i n  Table 3 , an extremely s u r p r i s i n g  r e l a t i o n s h i p  

w a s  noted which r a i s e d  doubts as t o  the value of proceeding with t h a t  

analysis .  

condition w a s  seen t o  decrease with decreasing speed limit. 

phenomenon had not been reported previously i n  s k i d  r e s i s t a n c e  research 

The average sk id  number recorded f o r  each speed limit 

This 



., Table 3 

Skid Resistance Qual i ty  of NJIIOT Rituminous Surfaced Roads 

Percent of ble as uremen t s  

By Normal 
Table 

I_ 

klinimiim 
Number Average Skid Number Required Below Minimum SN 

Standard Skid Numberb Ry Actual Skid Speed Limit of 
Measurementsa Number Devi a t  ion (SN401. Count MPll 

7.4 39' 18.6 ' 22.4 55 624 44.6 

7.9 37 20.5 21.5 50 1883 43.2 

7.5 35 26.2 25.7 45 ' 405 39.9 

33 23.8 23.8 40 32 4 38.3 7.4 

7.3 32 33.3 35.7 35 240 34.7 

6.3 31 31.3 36.9 30 144 33.7 

31.2 8.7 30.5 51.2 47.0 
Weighted Avcrage Percent 
Below Minimum SNq0 23.3 24.4 

II 

25 86 

%ach measurement was an average o f  from one t o  f i v e  s k i d  tests run a t  40 mph i n  an outs ide lane.  
Measurements f o r  some low speed l i m i t  roadways were recorded a t  the speed l i m i t  and a d j u s t e d  t o  
40 mph by applying the appropriate  speed g rad ien t .  

bNaiRP 137 (Rcfcrenco 4) recomincndotl values f o r  40 mph meastrrements on su r faces  with 0 . 5  speed 
g rad ien t ;  some values obta ined  by i n t e r p o l a t i n g  between NQlRP SN minimums. 
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l i t e r a t u r e  and w a s  t o t a l l y  unexpected. 

p laus ib le  finding. The lower speed limit roads usua l ly  have such 

speed limits because of the various c o n s t r a i n t s  ( f requent  t r a f f i c  

l i g h t s ,  reduced s i g h t  dis tance,  l e s s  forgiving geometric condi t ions 

However, it d i d  seem t o  be a 

and excess traffic s i d e  f r i c t i o n )  which precluded s a f e  high speed 

travel. 

degrading act ion t h a t  vehicular  t raff ic  has on pavement s k i d  

res i s tance .  

These same cons t ra in ts  a c t u a l l y  serve t o  increase  t h e  

Thus, it would seem reasonable t o  expect a given type 

of sur fac ing  t o  e x h i b i t  lower s k i d  res i s tance  i n  pavements t h a t  

warrant low speed limits than i n  pavements where high speed t r a v e l  

w a s  possible .  

A p l o t  of t h e  average s k i d  number - speed limit d a t a  o f  

Table 3 is shown i n  Figure 3. 

a l s o  contains t h e  cuzves r e l a t i n g  mean t ra f f ic  speed and N C H R P  

mihimum SN values appl icable  f o r  t h e  speed gradien t  range (G = 0.6 to 0.8)  

of our carbonate pavements. 

t h a t  the  s t r a i g h t  l i n e  which descr ibes  the  average SN vs speed l i m i t  

r e la t ionship  approximately p a r a l l e l s  the  curves f o r  required SN vs 

For comparison purposes,  Figure J 

-. 
I t  i s  immediately apparent f r o m  t h i s  f i g u r e  

mean t ra f f ic  speed. 

s k i d  res i s tance  with reduction i n  t ra f f ic  speed is  j u s t  about equaled 

by the loss  i n  mean s k i d  r e s i s t a n c e  assoc ia ted  with t h e  reduced speed. 

Tnis. i n d i c a t e s  t h a t  t h e  reduction i n  required 

Thus, i f  t h i s  observed SN - speed l i m i t  r e l a t i o n s h i p  holds f o r  t h e  

carbonate quarr ies ,  there  would be l i t t l e  o r  no merit t o  t h e  i d e a  

t h a t  a carbonate which is unsafe f o r  high speed t ra f f ic  might be 

d 

safe f o r  lower speed s i t u a t i o n s .  
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A s ta t is t ical  check revealed t h a t  the  SN - speed l i m i t  l i n e  

found f r o m  t h e  analysis  of a l l  our bituminous pavement d i d  a p t l y  

descr ibe t h e  behavior of t!!e ledger  dolomite surfaces .  However, 

f o r  pavements w i t h  mater ia l  from Carbonate Quarry 104 a s t e e p e r  

l i n e  w a s  found t o  be more appropriate.  With these  l a t t e r  pavements 

then, i t  would a c t u a l l y  be worse from a sk id .  res i s tance  s tandpoint  

t o  s u b j e c t  them t o  the  conditions associated with low r a t h e r  than 

high speed traffic.  

Although t h e  speed limit effect j u s t  described seemed 

p l a u s i b l e ,  there  w a s  concern t h a t  possibly t h e  observed p a t t e r n  

w a s  a c t u a l l y  due t o  ADT di f fe rences .  Perhaps ADT w a s  n o t  uniform 

over t h e  speed limit levels  considered. 

reported by PennDOT w a s  responsible  f o r  t h e  t rend.  

concern an average ADT was computed f o r  those pavements considered 

Possibly,  the  ADT e f f e c t  

To reso lve  t h i s  

in 'each speed l i m i t  category of Table 3. 

were found t o  vary i n  a random fashion between 16,500 and 26,000 

vehic les  p e r  day. 

The averages so computed 

Based on t h e  SN vs ADT re la t ionship  given i n  

Table 1 of t h i s  r e p o r t ,  the d i f fe rences  i n  the average ADT's were 

much t o o  small and d id  not  follow the p a t t e r n  required t o  have 

caused the noted SN changes with speed limit. 

speed limit on sk id  number values appeared t o  be q u i t e  real .  

Thus, the  e f f e c t  of 

Considering t h e  s i g n i f i c a n t  nature  of  the SN - speed l i m i t  

r e l a t i o n s h i p ,  it w a s  apparent t h a t  the Department's search f o r  

s a f e  use r e s t r i c t i o n s  f o r  carbonates would have t o  proceed in  

another  d i r e c t i o n .  In t h i s  vein,  a review w a s  made of t h e  b a s i s  



F 

f o r  t he  cu r ren t  S t a t e  Aid r e s t r i c t i o n  on the number of vehicle  

coverages p r i o r  t o  r e su r fac ing .  
2 g This c r i t e r i o n  had been e s t ab l i shed  

predominantly from po l i sh ing  r a t e  da t a  f o r  Quarry 104 pavements. 

Perhaps the pol ishing rates f o r  the ledger dolomite su r face  could 

be shown t o  be s i g n i f i c a n t l y  less aggressive.  

a v a i l a b l e  f o r  such an ana lys i s  proved f r u i t l e s s .  

A survey of the d a t a  

There w a s  very l i t t l e  

r e l i a b l e  information as t o  the age of the ledger dolomite su r faces  on 

our  system. A l s o ,  t he  Department had never attempted t o  monitor 

c l o s e l y  sk id  r e s i s t ance  changes with time f o r  such pavements. 

9 .  C r i t e r i a  Based on Speed L i m i t  and ADT Effects  

1. I n i t i a l  Assessments 

A reconsiderat ion of PennDOT's e f f o r t s  i n  the s k i d  r e s i s t a n c e  

area became the next l o g i c a l  s t e p .  The previous t r ia l  of t he  SRL System 

had of  course been nonproductive. However, with the l a r g e r  and more 

r e l i a b l e  da t a  base now ava i l ab le ,  a second app l i ca t ion  appropriately 

teGpered t o  account f o r  s k i d  r e s i s t a n c e  v a r i a b i l i t y  and t ra f f ic  speed 

e f f e c t s  might prove success fu l .  

.. 
Before persuing t h i s  idea f u r t h e r ,  

it w a s  considered necessary t o  v e r i f y  t h a t  New J e r s e y ' s  pavements 

a c t u a l l y  d id  e x h i b i t  a s i g n i f i c a n t  r e l a t ionsh ip  between s k i d  number 

and average annual d a i l y  t r a f f i c  (ADT). 

f a c t  t h a t  t he  Department had previously obtained such poor c o r r e l a t i o n  

coe f f i c i en t s  when comparing the two parameters i n  regression ana lys i s .  

O f  concern here w a s  the  

I f  PennDOT's f indings regarding SN and ADT were appl icable  

t o  N e w  J e r sey  r id ing  su r faces ,  one would expect an o v e r a l l  analysis  

of t he  S t a t e ' s  bituminous pavement system t o  show t h a t  higher  s k i d  



.numbers general ly  occur witfi low ADT conditions.  

was performed with an average s k i d  number being ca l cu la t ed  f o r  eacn 

of seve ra l  ranges of  ADT. To avoid any b ias  i n  the ana lys i s  due t o  

Such an analysis 

the speed limit e f f e c t  of Table 2 ,  a l l  s k i d  numbers were adjusted 

t o  a speed l i m i t  condition of 50 mph using the equation f o r  the 

regression l i n e  of Figure 3. The r e s u l t s  of t h i s  ana lys i s  are shown 

i n  Table 4 and p l o t t e d  i n  Figure 4. 

t o  be higher  with lower AM pavements, p a r t i c u l a r l y  f o r  s i tua t ions  

The p l o t  does show t h a t  SN tends 

where the ADT is l e s s  than 20,000 vehicles  p e r  day. 

Table 4 

Average 1976 Skid Numbers 

f o r  - 
Bituminous Pavements i n  Various ADT Ranges 

I .  

(SN40 Values Adjusted t o  50 mph Conditions) 

ADT Ranee 
Number of 

hje asuremen ts  a 

0 - 5,000 

5,100 - 10,000 

10,100 - 15,000 

15,100 - 20,000 

20,000 - 30,000 

30,100 - ~0,000 
51,100 - 110,000 

35 7 

877 

744 

446 

543 

46 4 

2 76 

Average 
SN40 

48.0 

44.9 

43.3 

41  .O 

42.2 

40.6 

37.2 

3,390 

7,570 

12,480 

17,430 

24,250 

37,730 

73,670 

aEach measurement was an average of from one t o  f i v e  
sk id  tests nm i n  an ou t s ide  lane a t  40 mph o r  at a 
lower speed and adjusted t o  40 mph by t h e  appropriate  
speed gradient .  
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As a f u r t h e r  ver iFicat ion of the b e n e f i c i a l  effect  of low 

t ra f f ic  volumes on skid number, t he  ana lys i s  of  Table 3 w a s  repeated 

f o r  s e v e r a l  ranges of  Am. If a b e n e f i c i a l  e f f e c t  d i d  indeed e x i s t ,  

the percentage of s k i d  number measurements below the NCHRP minimum 

values should decrease with decreasing ADT. 

p a r t i c u l a r  analysis  are given i n  Table 5; t h e  b e n e f i c i a l  e f f e c t  o f  

a reduction of ADT on s k i d  r e s i s t ance  is c l e a r l y  evident .  

The r e s u l t s  of  t h i s  

Table 5 

Skid Resistance Qual i ty  

of - 
NJDOT Bituminous Pavements 

as a - 
Function of Average Annual Daily T r a f f i c  (ADT) 

Range of Average Daily T r a f f i c  
(Vehicles p e r  day) 

0 - 110,000' 

0 - 20,000 

0 - 12,000 

0 - 10,000 

0 - 5,000 

Percent of Skid Number 
Measurements Below NCHRP 

Minimum SN40 

24 

20 

1 4  

12 

7 

* A l l  bituminous pavements 
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With t h e  ADT e f f e c t  having been v e r i f i e d ,  the p u r s u i t  of 

safe use r e s t r i c t i o n s  f o r  carbonates could be continued. A p a r t i c u l a r  

pavement's s k i d  r e s i s t ance  o r  s k i d  number had been shown thus f a r  

t o  b e  a funct ion of two t r a f f i c  r e l a t e d  parameters -- speed l i m i t  

and. volume. 

N d R P  Report #37(4) w a s  known t o  be speed r e l a t e d .  A carbonate 

usage c r i te r ia  which adequately considered a l l  t hese  f a c t o r s  i n  

a p r o b a b i l i s t i c  fashion w a s  desired.  

developed ear l ier  had only taken i n t o  account t he  minimum s k i d  

number-speed r e l a t i o n s h i p .  

Also , required minimum s k i d  number as defined by 

The p r o b a b i l i s t i c  approach 

However , i t  appeared t h a t  modifications 

could be formulated t o  appropriately deal  with t h e  effects of  the 

o t h e r  parameters.  

With the  preceding as a guide,  it w a s  decided that SX data 

f o r  each carbonate quarry would be  adjusted t o  some common speed 

l i m i t  and ADT l e v e l  using appropriate  adjustment f ac to r s .  The 

adj&ited d a t a  would then be analyzed t o  determine the percent  of 

SN measurements t h a t  f a l l  below t h e  governing minimum SN value 

of  NCHRP Report #37.(4) 

the  r e s u l t i n g  percent  below figure would subsequently be  compared 

t o  a percentage f i g u r e  t h a t  described the average sk id  r e s i s t ance  

As with the  previous p r o b a b i l i s t i c  approach, 

q u a l i t y  of t h e  Department's bituminous pavement system. 

I f  a given quamy ' s  percent  below min'imum SN w a s  excessive 

when compared t o  average s k i d  resistance q u a l i t y ,  then the  reducticm 

i n  ADT needed t o  b r i n g  a pavement t o  t h a t  average q u a l i t y  would be 

determined. ADT changes r equ i r ed  t o  accommodate a qua r ry ' s  mater ia l  

,s t 

be ing  used a t  o t h e r  speed l i m i t s  would a l s o  be  ca l cu la t ed  using 
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the  appropriate speed limit, AM, and minimum SX adjustment f a c t o r s .  

In  t h i s  fashion m a x i m u m  acceDtable or safe  ADT values would be e s t a b l i s h e d  

f o r  a range of  speed l i m i t s  f o r  each quarry. 

would insure t h a t  the probabi l i ty  o f  producing a low g k i d  number 

pavement, i n  the  f u t u r e ,  would be no worse than the p r o b a b i l i t y  

Adherinn t o  t h e s e  values  

o f  f inding a low s k i d  number anywhere on the  Department's p resent  

bituminous pavement sys tern. 

Figure 5 provides a more complete and p i c t o r i a l i z e d  explanat ion 

of  the procedure out l ined  above. I t  sets f o r t h  i n  a stepwise manner 

the  p a r t i c u l a r  analysis  techniques t o  be used i n  determining a 

carbonate quar ry ' s  m a x i m u m  s a f e  ADT f o r  any s e l e c t e d  l e v e l  of t r a f f i c  

speed l i m i t .  

To carry out  the  analysis  of each carbonate q u a r r y ' s  SN 

d a t a , i t  appeared appropriate t h a t  only measurements f o r  pavements 

having less than 20,000 ADT be considered. 

ledger dolomite had ind ica ted  s a f e  usage only up t o  an ADT of 20,000 vpd. 

,PennDOT's evaluat ion o f  -. 

Also ,  t h e  p l o t  of SN vs ADT f o r  N e w  Jersey pavements (Figure 4) suggested 

the  presence of more pronounced ADT e f f e c t s  a t  ADT .values less than 

20,000 vpd. 

Equations f o r  ad jus t ing  the  sk id  r e s i s t a n c e  da ta  of each 

quarry t o  a common speed l i m i t  and ADT l e v e l  were developed f i r s t .  

Regression l i n e s  r e l a t i n g  SN t o  speed limit and SN t o  ADT were computed 

by analyzing the SN da ta  f o r  - al l  bituminous pavements w i t h  ADT l e s s  

than 20,000. The SN vs speed l i m i t  l i n e  w a s  first determined, then 

a l l  SN d a t a  w a s  adjusted t o  the most preva len t  speed l i m i t  condi t ion 

(50 mph) and the  SN vs ADT l i n e  es tab l i shed .  The s lopes of these 

l i n e s  w e r e  then compared s t a t i s t i c a l l y  t o  the  s lopes obtained from 



1. Qloose Levels o f  MT and S p e d  Unit t o  u h a c !  a l l  SS>asurcacnts are t o  be A d j u t e d :  

gmit and 
Applicable 
S p e d  Gradient 

a. 

b. 

oloose h D T ~ j . 5  Average ADT f o r  pavements conta in ing  quaray’s a r t e r i a l .  

Speed L i n i t ~ j .  = Selec ted  speed l i m i t .  

%Wn. 

2. Adjust SN Data of Quarry to OIosen Levels of  Am and Sveed L i m i t :  

A d j w t  each SS value 
us ing  equation : SN~ddj. = S?i ClASpeed Limit + C,AADT 

- SN , acre: SX - Individual sk id  number. 

C1 = Slope of SN vs speed l i m i t  reEression l i ne .  

C2 = Slope o f  SN vs AllT regression l i ne .  

ASpeed L i m i t  
and A ADT = Difference between ad jus ted  

l eve l  and ac tua l  leve l  for 
madway on which SN w a s  
measured. 

SN 

mere : Lhere : 

4- OC fmr  Step 3 AADT - A G i C 2  

.nd  
for  se l ec t ed  lewl 
of speed limit 

AG - A SNHfn. 
b 

Dis t r ibu t ion  of 
Unadjusted SN data  

3. By H i s t O K r a m  Analysis Deterzinc Percent o f  Adjusted SN Valucs Below SN,tin. 
and CoGpam t o  Allowable Percentage: 

SNAdf .- 

Dis t r ibu t ion  of 
Adjusted Sh‘ Uara 

SN ---5 
WJ. 

4. Determine Maxirmn Safe ADT f o r  c ~ f c r , ~ ~ ~ ~ ~ ~ :  



a regression ana lys i s  of the SN measurements f o r  each carbonate 

quarry.* 

developed from t h e  ana lys i s  of  a l l  below 20,000 ADT bituminous 

pavements w a s  considered appropriate  f o r  ad jus t ing  a given qua r ry ' s  

SN values.  Only i n  the case of the speed l i m i t  adjustment equation 

fof Quarry 104 w a s  a s i g n i f i c a n t  difference found. In  comparison t o  

t h e  average bituminous pavement, Quarry 104 pavements exh ib i t ed  more 

pronounced reduct ions i n  ' sk id  number with decreases i n  speed l i m i t .  

I f  no s i p i f i c a n t  d i f f e rence  e x i s t e d ,  then the l i n e  

The regression l i n e  s lopes used t o  a d j u s t  each carbonate 

quarry's SN da ta  t o  a common' speed limit and ADT l e v e l  are given i n  

Table 6. 

compares favorably with t h e  f indings of  PennDOT. PennDOT has observed 

t h a t  f o r  those l edge r  dolomite qua r r i e s  supplying N e w  J e r s e y ,  t h e  s lopes  

o f  t he  SN vs ADT regression l i n e s  vary between -0.00040 and -0.00070, 

w i t h  a s lope of -0.00065 r e s u l t i n g  when a l l  qua r r i e s  are considered i n  

a s i n g l e  analysis.(')The PennDOT f indings suggest t he  SN/ADT s lope  value 

I t  is i n t e r e s t i n g  t o  note t h a t  the SN/ADT slope value c i t e d  

.. 
of Table 6 t o  be a conservative figure. 

Using the f a c t o r s  of  Table 6 ,  each carbonate qua r ry ' s  SN data 

w a s  adjusted t o  a common base speed limit o f  50 mph and t o  a common 

base ADT of 15,000 vpd. These p a r t i c u l a r  speed limit and ADT l e v e l s  

w e r e  s e l e c t e d  s i n c e  they approximately corresponded t o  the  average 

use l e v e l s  f o r  carbonate pavements i n  the Department's road system. 

Because of t h i s  correspondence the magnitude of most of  t he  SN adjustments 

would be r e l a t i v e l y  small. Thus, i f  the adjustment equations were somewhat 

i n  e r r o r ,  t he  effect  of t h e  e r z o r  a t  t h i s  po in t  i n  the ana lys i s  would be 

minimi zed. 

*Only s lopes r equ i r e  comparison as they are the  only regression l i n e  
parameters used i n  the SN adjustment process .  



Table 6 

Slopes of Regression Lines 

For 

Adjusting SN f o r  Speed Limit and ADT E f f e c t s  

(ADT Range 0 - 20,000) 

- 

Number of Points  
Slope of Regression Line 

i n  Regression SN Versus SN Versus 
Analysis Speed L i m i t  ADT 

Carbonate 
Quarry 

(SWmph) (SN/vD4 

Ledger 
Do 1 omit e s  2425 0.5474 -0.0004597 

I 

-0.0004597 104 787 0.7683 

A histogram for the adjusted SN data  o f  each carbonate quarry 

i s . g i v e n  i n  Figure 6. The percent  o f  SN measurements t h a t  f a l l  below 

various NCHRP minimum SN values is l i s t e d  i n  Table 7. These percent  

below f igu res  were computed by a c t u a l  count o r ,  i f  t h e  histogram w a s  

found t o  c o n f o n  t o  a normal d i s t r i b u t i o n ,  by normal curve approximations. 

S u f f i c i e n t  d a t a  f o r  a histogram ana lys i s  w a s  ava i l ab le  only f o r  carbonate 

q u a r r i e s  104, 102, and 100 : the later two being ledger  dolomite q u a r r i e s .  

The d a t a  of  Table 7 m u s t  be  compared t o  a percentage measure 

descr ibing the average s k i d  r e s i s t ance  q u a l i t y  of similar pavements 

on t h e  Department's road system. For pavements with ADT's less than 

20,000 vpd, the ana lys i s  reported i n  Table 5 i n d i c a t e s  t h a t  t he  average 

s k i d  r e s i s t ance  q u a l i t y  of our system i s  cha rac t e r i zed  by a 20% 

I 
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UPPER LIMIT FREQUENCY 
16.0 1 x  
20.0 1 x  
24 .O 0 - 28.0 1 x  

SN 32.0 9 XXXXXXXXX 
36.0 16 XXXXXXXXXXXXXXXX 
40.0 39 xxxxxxxxxxxxxXXxxxxxxxxxxxxxxxxxxxxxxxx 
44.0 31 XXXXXXXXXXXXXX.yxXXXXXXXXXXXXXXX 
48.0 26 XXXXXXXXXXXXXXXXXXXXXXXXXX 
52 .o 12 xxxxxxxxxxxx 

Quarry 100 (Ledger Dolomite) 

UPPER LIMIT FREQUENCY 
32.0 1 X  
36 . O  15 xxxxxxxxxxxxXxx 

SN 40.0 17 XXXXXXXXXXXXXXXXX 
44.0 22 xxxxxXxxXxxxxXxxxxxxxx 
48.0 17 XXXXXXXXXXXXXXXXX 

Quarry 102 (Ledger Dolomite) 

-. 
UPPER LIMIT 

24.0 
23.0 
32 .o 
36.0 

SN 40.0 
44.0 
48.0 
5 2  .O 
56.0 
60.0 

Quarry 104 

- 
X = 40.3 

= 6.05 
N = 136 

- 
X = 40.6 
0- = 4.46 
h’ = 72 

FREQUENCY 
12 xxx 
52 XXXXXXXXXXX 
100 xxxxxxxxxxxxxxsXxxxxxX 
158 XXXXXXXYXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
230 XXXXXXXXXXXSXXXXXXXXXXXXX);xxxXSsXXXX~X~X~XXXXXXXXX 
117 XXXXXXXXXXXXXXXXXXXXXXXXX 
56 XXXXXXXXXXXX 
22 xxxxx 
7 xx 
3 X  

- 
X = 3 6 . 7  

= 6.10 
N = 787 

Figure 6 - Computer Histograms o f  SN Measurements Adjusted t o  a Speed 
Limit o f  50 mph and an ADT of 15,000 vpd. 



Carbon a t e  
Quarry 

loob 
102b 

104 

Avorage 
Adjusted 

SN 

40.3 

40.6 

37.2 

Thble 7 

Distr ibut ion o f  Adjusted SNa 

for 

Carbonate Quarries  

- 

Percent of SN Measurements 
Below SNMin Values(%) 

Standard 
Deviation of  

Adjusted SN SNHin = 40 39 38 37 36 35 34 33 32 31 

6.05 

4.46 

49.3 38.2 32.4 25.0 20.6 14.0 1 1 . 8  10.3 8.8 3.7 

44.7 36.0 28.0 21.0 15.1 10.5 7.0 4.4 2.7 1.6 
I 

6 .OO 71.4 66.1 55.8 48.9 41.8 34.7 27.7 23.3 12.7 15.4 

'SN adjusted to  speed limit of 50 mph and an ADT of 15,000 vpd. 
btedger  dolomite quarry. 



p r o b a b i l i t y  of having a s k i d  number below t h e  N U W  minimums. 

20% becomes the cr i t ical  value f o r  comparison. 

Thus, 

I f  we consider t he  condition where a carbonate pavement has  

a speed gradient  o f  0.6, t he  NCHRP minimum Sh' f o r  50 mph is 38 (See 

Table 2). F r o m  Table 7 we note t h a t  the percent  of SN measurements 

below an SNan of 38 is 32.4% f o r  Quarry 100, 28.0% f o r  Quarry 102, 

and 55.8% f o r  Quarry 104; a l l  f i g u r e s  are l a r g e r  than the  cr i t ical  

20%. Therefore,  a t  t h e  base A M '  of 15,000 the  t h r e e  carbonate q u a r r i e s  

exh ib i t  an inordinately high p r o b a b i l i t y  of producing pavement of low 

sk id  r e s i s t ance .  Since s k i d  number w i l l  i nc rease  with reduct ions i n  

ADT, it  is  l i k e l y  t h a t  a t  some lower ' levels  of ADT the histograms 

o f -F igu re  6 w i l l  be s h i f t e d  s u f f i c i e n t l y  t o  change the percent  below 

the SN minimum of 38 t o  an acceptable value ( e i t h e r  equal  t o  o r  less 

than 20%). The amount of s h i f t  (change i n  mean SN) needed f o r  t h e  

histogram, and the  a s soc ia t ed  reduction i n  ADT .can be ca l cu la t ed  

usi6g t he  information of Tables 6 and 7 and by applying t h e  procedure 

given e a r l i e r  i n  Figure 5 .  For o the r  speed limit conditions , an accep tah lc  

or  safe ADT can be determined by use o f  t h e  s lope parameters o f  Table 6 and 

t h e  minimum SN values of Table 2 .  

computational procedures a re  given i n  the Appendix. 

The complete d e t a i l s  of both 

By app l i ca t ion  of t he  above c i t e d  procedures,  the ad jus t ed  

SN da ta  o f  each carbonate quarry w a s  analyzed t o  f i n d  ADT l eve l s  a t  

which t h e  p r o b a b i l i t y  of y i e l d i n g  a low SN measuremenf ( l e s s  than NCHW 

minimum SN) w a s  just  below the c r i t i c a l  20% f igu re .  ADT's corresponding 

t o  a 19% p r o b a b i l i t y  were used. 

the 

i n  Table 8; a l l  ADT values are reported t o  the n e a r e s t  100 vpd. 

Thus, i n  applying t h e  procedure of Figure 5 

The r e s u l t s  of t h i s  ana lys i s  are provided allowable w a s  se t  a t  19%. 



-53- 

HPximum ADT Values for 194 Probability 
of Yielding Low bii Heasurements 

(Vehicles Per Day) 

A. Quarry 100 

Speed L i m i t  

25 

30 

35 

40 

45 

50 

55 

a. Quarry 102 

. Speed Limit 

25 

30 

35 

40 

4s 

50 

55 

C. Quamy 104 

Speed L i m i t  

25 

30 

55 

40 

4s 

50 

5s 

Speed Gradient 
0 . 6  0 .7  0.8 

0 3,300 6,600 

3,800 6,000 8,100 

6,500 7,600 8,700 

9,200 9,200 9,200 

9,700 8,600 7,500 

10,200 . ' 8,000 5,900 

10,700 7,500 4,200 

Speed Gradient 
0 . 6  0.7 0 . 8  

2,000 

5,700 

6,500 

11,100 

11,600 

12,200 

12,700 

5,200 8,500 

7,900 10,100 

9,500 10,600 

11,100 11,200' 

10,500 9,500 

10,000 7,800 

9,400 6,100 

Speed Gradient 
0.6 0.7  0.8 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

1,500 0 0 

4,400 1,100 0 
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From f i e l d  surveys w e  know t h a t  our carbonate aggregate 

pavements e x h i b i t  speed gradients  ranging between 0.6 and 0.8.  

To allow f o r  t h i s  v a r i a t i o n ,  t h e  actual maximum acceptable or s a f e  ADT 

for any given speed limit is  the smallest value of t h e  Am's l i s t e d  i n  

Tadle 8 for  t h a t  speed limit and speed gradient  range. 

it is observed t h a t  based on the  use cr i ter ia  developed i n  t h i s  

Accordingly, 

inves t iga t ion  Quamy 104 has no ADT leve l  a t  which i ts  mater ia l  can 

be s a f e l y  used i n  a bituminous surface course. In  s t r i k i n g  c o n t r a s t ,  

coarse aggregate from ledger dolomite Quarries 100 and 102, apparent ly  

can be used i n  a v a r i e t y  o f  s i t u a t i o n s .  

The safe ADT values f o r  t h e  ledger carbonates are a c t u a l l y  

q u i t e  s i m i l a r  i n  magnitude with only a s l i g h t  performance advantage 

being ind ica ted  f o r  Quarry 102. 

are similar i n  sk id  res i s tance  performance, it is  considered appropriate  

Since the two ledger  dolomite sources  

t h a t  one common s e t  of maximum s a f e  ADT values be es tab l i shed  from 

the  separa te  quarry l i s t i n g s  of Table 8. 
-. 

A comon set  of ADT use 

c r i t e r i a  would, of course,  be e a s i e r  t o  adminis ter .  The r e s u l t i n g  

l i s t i n g  o f  m a x i m u m  acceptable o r  safe ADT values appl icable  t o  t h e  

ledger  dolomite q u a r r i e s  of  t h i s  study i s  given i n  t h e  center  of Table 9. 

2 .  Fina l iza t ion  

In reviewing t h e  r e s u l t s  of the  preceding a n a l y s i s ,  i t  

w a s  r e a l i z e d  t h a t  a l l  of t h e  computed safe ADT values (Table 9) 

were s u b s t a n t i a l l y  less than the  ADT base of  15,000 used i n  t h e i r  

development. There w a s  concern t h a t  perhaps the adjustment equations 
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used t o  account f o r  t h e  speed l i m i t  and ADT e f f e c t s  were being appl ied 

beyond t h e i r  range o f  a p p l i c a b i l i t y .  Possibly a t  t h e  low ADT leve l s  

t he  s lope parameters of these equations changed. 

p o i n t ,  regression analyses were performed on a l l  1976 SN measurements 

To c l a r i f y  t h i s  

f o r  bituminous pavements with ADT less than 10,000 vpd. 

an ana lys i s  of 1233 d a t a  p o i n t s ,  t h e  slope o f  the SN vs speed limit 

Based on 

curve w a s  found t o  be 0.4378 SN/mph and slope o f  t h e  SN vs ADT l i n e  

was -0.0008120 SN/vpd. 

t o  be s i g n i f i c a n t l y  d i f f e r e n t  f r o m  those of Table 6 which were used 

t o  develop t h e  s a f e  ADT l eve l s  l i s t e d  i n  the center of Table 9 .  

Apparently a t  the very low ADT l e v e l s  the b e n e f i c i a l  effect on SN 

of  ADT reductions i s  Are pronounced than an t i c ipa t ed .  

t h e  degrading e f f e c t  o f  speed l i m i t  areductions appears t o  become 

less pronounced. 

In a s ta t i s t ica l  t e s t  these new slopes proved 

In c o n t r a s t ,  

.. Table 9 

Maximum ADT Values (vpd) f o r  

Ledger Dolomite Quarries 100 and 102 

Range o f  ADT Analyzed 
Speed Limit 0 - 20,000 Wd. 0 - 10,000 vpd 

25 0 3,900 

30 3,800 5,400 

35 6,500 6,400 

40 9,200 7,100 

45 7,500 5,500 

so 5,900 3,800 

55 4,200 2,200 

. . . ._ . . . __ ._ 
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Based on the  r e s u l t s  of the regression l i n e  ana lys i s  of  

0 - 10,000 ADT pavements, i t  w a s  decided t o  redetermine s a f e  ADT 

values using the new adjustment s lopes and only considering SN d a t a  

f o r  pavements with t raff ic  volumes less than 10,000. 

re&sessrnent the base l eve l s  of  speed limit and ADT were set  a t  

For t h i s  

50 mph and 10,000 vpd. 

the SN measurements for the  two ledger q u a r r i e s  were combined 

y i e l d i n g  a t o t a l  d a t a  set  o f  158 SN values.  

To provide s u f f i c i e n t  data for a n a l y s i s ,  

Also, the permissible  

percent  o f  SN measurements that could f a l l  below the  NMRP minimum 

w a s  se t  a t  11% (&allowable = l l % ) ,  one percent  lower than the 

average percentage f i g u r e  f o r  a l l  bituminous pavements of 0 t o  10,000 

ADT (See Table 5 ) .  
* 

S t a t i s t i c a l  checks e s t ab l i shed  t h a t  the new adjustment s lopes  

f o r  SN were appl icable  t o  t h e  combined Quarry 100 and 102 data  f i l e .  

Wiih Quarry 104, a l a r g e r  s lope  value for t he  speed l i m i t  e f f e c t  was 

ind ica t ed ;  a l s o ,  t he  s lope d a t a  of i t s  SN vs ADT regression l i n e  

revealed t h a t  a zero adjustment f a c t o r  f o r  ,ADT changes w a s  more 

-. 

I 

appropriate .  

adjustments and the procedures given i n  Figure 5 and i n  the Appendix, 

a new s e t  of safe ADT values were calculated.  For Quarry 104, the 

r e s u l t s  were e s s e n t i a l l y  the same as t h a t  found i n  the 0 - 20,000 

ADT ana lys i s ;  t he re  were no s a f e  ADT l eve l s  indicated.  The maximum 

allowable ADT values e s t a b l i s h e d  for t h e  Quarry 100 and Quarry 102 

combination is  given i n  the r i g h t  s i d e  of  Table 9.  

By applying t h e  appl icable  s lope f a c t o r s  f o r  SN 



The ADT l eve ls  found from the  ana lys i s  of t h e  0 - 10,000 ADT 

range are seen generally t o  be somewhat lower than, but  comparable 

t o  those t h a t  evolved from the more! expansive ana lys i s  of pavements 

with traffic volumes up t o  20,000 ADT. The only major d i f fe rences  

o f  concern occur a t  the 25 mph and 55 mph speed l i m i t  conditions.  

A t  these speed levels the two analysis  methods d i f f e r  i n  t h e  pred ic t ion  

of an extremely low value f o r  the  maximum safe ADT. The quest ion as 

t o  which method is cor rec t  therefore  becomes important.  Fortunately,  

the lack of agreement a t  the 55 mph level  is of no p r a c t i c a l  

consequence s ince  55 mph routes i n  N e w  Je rsey  would b e  dualized 

fac i l i t i es  and would never have design volumes as low as 4,200 vpd, 

l e t  alone 2,200 vpd. Thus, regardless  of which ADT l i m i t  appl ied ,  

the  ledger  dolomites would not  normally f ind appl ica t ion  on 55 mph 

roads.  A t  the  25 mph speed limit condi t ion,  it is believed t h a t  the 

r e s u l t s  f r o m  the  0 - 10,000 ADT analysis  have a b e t t e r  l ikel ihood of 

being cor rec t .  The p r e d i c t a b i l i t y  of t h a t  ana lys i s  should be b e t t e r  

a t  the  lower ADT leve ls .  

25 mph leve l  pred ic t ion  is des i rab le .  

-. 

However, some type of  v e r i f i c a t i o n  o f  the  

A rough check on the maximum s a f e  ADT value f o r  25 nph t r a f f i c  

could be obtained by assuming that both ana lys i s  approaches are  

c o r r e c t ,  but f o r  d i f f e r e n t ,  non-overlapping ranges of t r a f f i c  volume. 

I t  would seem t h a t  the  0 - 20,000 ADT analys is  (Analysis A) should be 

f a i r l y  accurate  f o r  t ra f f ic  conditions f r o m  20,000 vpd down t o  10,000 

vpd, with the 0 - 10,000 ADT analys is  (Analysis B) applying below 

t h a t  po in t .  I f  t h i s  is indeed t r u e ,  then S N  d i s t r i b u t i o n s  used i n  
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Analysis A could be ad jus t ed  t o  the 10,000 vpd p o i n t  common t o  

both analyses and serve as new da tz  f o r  eva lua t ion  by Analysis B 

This would y i e l d  an independent check of t he  results o f  Analysis B ,  

provided the  raw SN d a t a  of  Analysis A w a s  no t  t he  same data  as 

evaluated i n  Analysis B. The la t te r  provis ion w a s  somewhat s a t i s f i e d  

i n  our p r i o r  treatment of skid r e s i s t ance  d a t a  f o r  the ledger  dolomites.  

Approximately 25% of the  data used i n  Analysis A w a s  n o t  included 

i n  the subsequent Analysis B.  

quarry sepa ra t e ly  while combined SN data  w a s  evaluated i n  Analysis B .  

h a t  

Also, Analysis A t r e a t e d  each ledger  

By applying the preceding reasoning and using t h e  SN vs ADT 

slope parameter o f  Analysis A ,  t he  SN d i s t r i b u t i o n s  previously 

developed f o r  Carbonate Quar r i e s  100 and 102 (given i n  Figure 6) 

were adjusted t o  a t ra f f ic  volume condition o f  10,000 vpd. The 

adjusted d i s t r i b u t i o n s  were then evaluated v i a  Analysis B t o  

e s i a b l i s h  a new estimate f o r  t h e  maximum safe ADT f o r  25 mph t r a f f i c .  

The r e s u l t i n g  lowest m a x i m  ADT value w a s  found t o  be 4700 vpd, 

occurring with Quarry 100 a t  a speed gradient  of  0.6. 

the na tu re  of the assumptions made i n  t h i s  v e r i f i c a t i o n  e f f o r t ,  t h e  

4700 vpd f igu re  is bel ieved t o  be i n  f a i r l y  Rood agreement with the 

3900 vpd predicted previously by Analysis B .  

t h a t  the one questionable r e s u l t  o f  Analysis B is indeed valid. 

-. 

Considering 

Thus, it would seem 

The i n v e s t i g a t i v e  work presented he re in  i n d i c a t e s  t h a t  t he  

Department's attempt t o  f ind  a l t e r n a t e  use r e s t r i c t i o n s  f o r  carbonates 

has been p a r t i a l l y  success fu l .  

Table 9 ,  it would appear t h a t  a conservative c r i t e r i o n  would be t o  

permit coarse aggregate from the ledger dolomite q u a r r i e s  (100 and 102) 

Based on a review of  t h e  da t a  of  

, 



t o  be used on a l l  bituminous pavements with design ADT's up t o  4,000 

vpd and with speed limits up t o  50 mph. 

accommodate a c e r t a i n  amount of  inaccuracy i n  the design process 

a t  t h e  mid range of speed limits,which correspond t o  the most 

l i k e l y -  use levels f o r  carbonate mater ia l s  on non-Department pro jec ts .  

In t h e  case o f  Carbonate Quarry 104, our inves t iga t ion  has f a i l e d  t o  

e s t a b l i s h  any j u s t i f i c a t i o n  f o r  l i b e r a l i z i n g  the  current  r e s t r i c t i o n s  

Such an approach would 

on use of i t s  mater ia l .  

C. O t h e r  Considerations 

I t  i s  t o  be r e a l i z e d  t h a t  t h e  ana lys i s  procedures developed 

here in  have only given considerat ion t o  two fac tors  e f f e c t i n g  s k i d  

number: 

v a r i a b l e s  such as pavement age and number of t r a f f i c  lanes may a l s o  

have a de tec tab le  e f f e c t .  An e f f o r t  should be made t o  obtain 

i n f o T a t i o n  t h a t  would penni t  an adequate assessment of these  o ther  

factors-. 

mul t ip le  regression a n a l y s i s  techniques so t h a t  i n t e r a c t i o n  between 

f a c t o r s  can be more completely accommodated than was possible  i n  

t h i s  s tudy.  

speed l i m i t  l e v e l  and ADT l e v e l .  I t  i s  possible  t h a t  o ther  

Also, any f u t u r e  inves t iga t ion  should look t o  t h e  use of 

The reader  is to be advised t h a t  t h e  Department's inves t iga t ion  

o f  carbonates was based on a considerat ion of  sk id  numbers f o r  FABC 

( f i n e  aggregate bituminous concrete) surface courses as  t h a t  type of 

mater ia l  predominates on OUT road system. However, the Department 

of  Transportat ion i s  present ly  i n  t h e  process of  switching t o  an 

MABC (medium aggregate bituminous concrete) surface course for a l l  

bituminous paving work. 

l o c a l  governments w i l l  follow the  Department's lead. 

I t  i s  a l s o  l i k e l y  t h a t  many of  t h e  s ta te 's  



-40- 

The new mixture w i l l  provide ha r she r  r i d i n g  su r faces  t h a t  

possess more macrotexture than an FABC pavement. 

change would be b e n e f i c i a l  from a s k i d  r e s i s t a n c e  s tandpoint .  

Previous f i e l d  comparisons involving pavements with t r a p  rock 

aggregates i n d i c a t e  t h a t  NABC w i l l  provide f o r  su r faces  o f  h ighe r  

Fortunately,  t h i s  

&an SN and f la t te r  speed g rad ien t s .  I t  i s  the re fo re  expected t h a t ,  

at  t he  very l e a s t ,  MABC rhixture with ledger  dolomite w i l l  be as s k i d  

r e s i s t a n t  as the p re sen t  FABC su r faces  containing such aggregate.  

Of course,  the a c t u a l  e f f e c t s  of t h e  change i n  mixture trpe must 

be monitored with time t o  v e r i f y  t h i s  assessment. 

Another aspect of the carbonates s tudy  which r e q u i r e s  f u r t h e r  

comment is the  information given e a r l i e r  descr ibing t h e  general  s k i d  

r e s i s t ance  q u a l i t y  of t h e  Department's bituminous pavements. 

Table 5 it was shown t h a t  about 24% of a l l  sk id  nunbers f a l l  below 

the m i n i m  SN values o f  NCiIRP Report #37.  

out t h a t  t h i s  number is i n f l a t e d  somewhat due t o  the  normal v a r i a b i l i t y  

or  p rec i s ion  of t h e  s k i d  t e s t i n g  process .  

t e s t i n g  e r r o r ,  t he  percentage f i g u r e  drops t o  almost 20%. Also, i t  

is t o  be noted t h e  Department is  con t inua l ly  working t o  reduce the  

number of pavement sec t ions  t h a t  y i e l d  low s k i d  numbers. I t s  s k i d  

In 

First ,  it must be po in ted  
-. 

If one takes i n t o  account 

r e s i s t ance  inventory program annual ly  feeds a list of low s k i d  number 

pavements t o  the Department's maintenance fo rces  where c o r r e c t i v e  

resurfacings a r e  scheduled. The decis ion t o  switch t o  the MARC 

type of su r face  mixture was an a d d i t i o n a l  move t o  upgrade the general  

sk id  r e s i s t a n c e  q u a l i t y  of Department maintained highways. Research 
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' e f for t s  t o  e f f e c t  s t i l l  further improvements are a l s o  underway. The 

development o f  r e l i a b l e  design methods for open graded anti-skid 

mixtures i s  one part icular  research endeavor that  should prove 

extremely benef ic ia l  i n  t h i s  regard. 

-. 
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APPENDIX 

Procedure f o r  Finding Maximum Acceptable ADT Use Levels f o r  A 

P a r t i c u l a r  Carbonate Coarse Aggregate i n  Bituminous Pavement 

1. Gather S N ,  speed limit, and ADT da t a  f o r  a l l  bituminous pavements 

on t h e  Department's road system which f a l l  i n  the AD" range under 

consideration. Perform l i n e a r  regression analyses t o  determine 

the s lopes of t he  SN vs Speed L i m i t  and SN vs AD" l i n e s .  The SN 

vs Speed Limit regression should be done f i r s t .  

found i n  t h a t  regression should then be used t o  a d j u s t  t h e  SN 

The s l o p e  value 

da t a  t o  50 mph and the SN vs ADT l i n e  e s t a b l i s h e d  from the adjusted 

data.  . 
2 .  Repeat Step 1 bu t  only consider da t a  f o r  pavements t h a t  contain 

-coarse  aggregate from the p a r t i c u l a r  carbonate quarry i n  quest ion.  

Compare by s ta t i s t ica l  test  the  s lope values found here with those 

obtained i n  Step 1. If the re  is no s i g n i f i c a n t  d i f f e rence  i n d i c a t e d ,  

then the s lope  information of Step 1 is t o  be used for a l l  subsequent 

d a t a  adjustments required i n  this procedure. 

difference does occur,  subsequent data adjustments are t o  be made 

When a s i g n i f i c a n t  

with the  p e r t i n e n t  slope value found he re  i n  Step 2 .  

Adjust a quarry's SN data  t o  some common AD" base and t o  a speed 

limit of 50 mph using the appropriate  s lopes e s t a b l i s h e d  f r o m  the 

comparisons of Step 2 .  

3 .  

. If the  ADT base is set  approximately 
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equal t o  the average ADT of pavements containing the  quar ry’s  

mater ia l s ,  t h e  impact of any e r r o r  i n  the adjustment equation 

would be minimized. The adjustment of each individual  SN value 

is t o  be made using t h e  equation SNAdj. - SN + C1 A Speed L i m i t  

+ C2 

i n  Figure 5 elsewhere i n  t h i s  report .  

ADT where C1, C 2 ,  A Speed L i m i t  and d ADT are as given 

4. Establ ish from a f i e l d  sk id  res i s tance  survey the speed gradien t  

f o r  pavements containing coarse aggregate f r o m  the quarry i n  

question. Determine from Table 2 ,  elsewhere i n  t h i s  r e p o r t ,  

the  NCHRP(4) recommended minimum skid  number f o r  a 50 mph t r a f f i c  

. 

speed on a pavement having the  speed gradient  i d e n t i f i e d  i n  the  

f i e l d  survey. 

Perform a histogram analysis  on the adjusted SN d a t a  of Step 3 . 

and determine t h e  percent of SN measurements t h a t  fall  below t h e  

5 .  

-. minimum SN found i n  Step 4. Also determine the percent  of  SN 

values below 40, 39.. . . .31. A t  least f i f t y  (50) ind iv idua l  SN 

da ta  poin ts  would be needed t o  achieve r e l i a b l e  percentage 

determinations. P lo t  a curve of SN versus percent below 

minimum SN. 

From a p l o t  es tab l i shed  i n  Step 5 ,  determine the d SN required 6.  

t o  s h i f t  t h e  histogram of adjusted SN such t h a t  the  percent  

below m i n i m  SN w i l l  be 1% less than the average percent  below 

f igure  €or a l l  pavements of t h e  ADT range under considerat ion.  

(See Table 5 elsewhere i n  t h i s  repor t ) .  SN is t o  be considered 

pos i t ive  i n  magnitude i f  an SN increase is required and negat ive 

i f  a decrease is needed. 

\ 
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7. Now determine the amount of change i n  ADT from the base ADT 

required t o  achieve the d SN found i n  Step 6 .  

determined by dividing A SN by the SN vs ADT slope value used 

t o  make the o r ig ina l  SN adjustments i n  Step 3 .  

change i n  ADT t o  the base ADT and e s t ab l i sh  the maximum acceptable 

This is 

Add the  computed 

ADT value f o r  use of t h a t  quar ry ' s  mater ia l  on 50 mph speed 

limit roads. To compute m a x i r m u n  acceptable ADT's for o the r  speed l i m i t  

conditions follow subsequent Steps 8 th ru  10. - 
8. For any o ther  des i red  speed l i m i t  conditions compute the A SN t h a t  

w i l l  occur with the change i n  speed limit from 50 mph t o  the 

des i red  speed l i m i t .  This is ca lcu la ted  by multiplying the  change 

i n  speed l i m i t ,  i n  mph, (reduction is given a minus s i g n ,  increase 

i n  l i m i t  is pos i t i ve )  by the s lope  of SN vs speed l i m i t  regression 

l i n e  as used i n  Step 3 .  

as ASNspeed. 

For the  new speed l i m i t  condition determine the  assoc ia ted  change 

The r e s u l t  of t h i s  computation is  designated 

9. 

' i n  minimum SN ( N O  recommended minimum value) f r o m  Table 2 ,  

A reduction is given a minus s ign ;  elsewhere i n  t h i s  repor t .  

an increase i s  considered pos i t i ve .  

A SNlimit. 

Subtract  A SNlimit from AsNSpeed being cognizant of s ign .  m e  

r e s u l t  of t h i s  subt rac t ion  is  designated as A SNspeed l imit .  

The r e s u l t  i s  designated as 

10. 

is then divided by the s lope of  t he  SN vs ADT 
speed l imi t  

d SN 

I 
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. l i n e ,  as  used i n  Step 3 ,  to obtain the change in ADT needed to  

correc t  the s h i f t  i n  mean SN caused by t h e  speed limit c!mge. 

The A ADT s o  determined is  then subtracted a l g e b r a i c a l l y  f r o m  

the ADT value e s t a b l i s h e d  for a 50 mph speed l i m i t  condi t ion .  

, The new ADT value becomes t h e  m a x i m u m  acceptable  ADT f o r  use  of  t h e  

quarry’s material on a road having the  speed limit i n  ques t ion .  


