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Intent: The intent o f  t h i s  presentation will be t o  describe the New 

Jersey Department of Transportation's s t a t i s t i ca l ly  based methods of 

sampling, of d i s t i n g u i s h i n g  between acceptable and unacceptable material, 

and o f  payment for  asphalt concrete. The ta lk  will be essentially 

concerned w i t h  those methods tha t  appear i n  the present Addenda-A of 

our 1961 Standard Specifications. 

Introduction: 

four years ago the Department of Transportation ini t ia ted a program 

In  cooperation w i t h  the Bureau of Pyblic Roads, about 

directed toward the eventual adoption o f  s t a t i s t i ca l ly  based control 

and acceptance procedures for highway construction. The use of s t a t i s t i ca l  

principles as an aid inthe control o f  product qua l i t y  has had long and 

successful application i n  many manufacturing industries. 

fjrm belief of the Department tha t  s t a t i s t i ca l  methodology could also 

f i n d  practical application i n  the construction and materials aspects 

I t  was the 

o f  i t s  work. 

That phase o f  the Department's program which deal t  w i t h  asphalt 

concrete was completed las t  year. 

based proceudres and techniques have been incorporated i n t o  wch of the 

Since that  ttme, numerous s t a t i s t i ca l ly  



-2- 

Departments work i n  the asphalt area. The recent revisions made i n  

our Addenda-A specifications are the major consequence of the new approach. 

I am sure t h a t  many of you have seen the la tes t  version of Addenda-A 

and are aware of the various changes. 

In the revised Addenda speciffcations, it is now required that 

random sampling procedures be used i n  obtaining a l l  samples for acceptance 

testing. T h i s  requirement brings into play fbe mathematical laws of 

randomization to insure that a1 1 samples will be t ru ly  unbiased representatives 

of the material from which they are taken. An additional change i n  Addenda-A 

has resulted i n  the establishing of many new specification limits and 

tolerances for  use i n  judging a materials acceptability. These new 

tolerances and milits have been sized by using the principles of 

s ta t i s t ics  so as  to sufficiently allow for  the normal variation that 

occurs i n  a good asphaltic concrete. 

A new method of payment is  also included i n  the revised version of 

Addenda-A specifications. By this method reduced payment is made t o  

the contractor when material f a i l s  t o  conform to the specification limits. 

Exactly what constitutes a non-conforming or unacceptable material and 

the amount o f  the reduced payment are now completely spelled out i n  

Addenda-A . 
The remainder of; this presentation will be concerned w i t h  a discussion 

of the historical background and the reasons for these changes i n  the 

Addenda-A specifications. 

need to  be aware of some of the fundamentals o f  s ta t i s t ics .  Since 

a number of you, I am sure, have l i t t l e  or  no knowledge of Stat is t ics ,  

I will precede my discussion o f  the Addenda-A changes w i t h  a short 

To f u l l y  understand the discussion, one will 
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explanation of several of the basics of s t a t i s t i c s  and why they are 

applicable t o  asphalt concrete. 

As f a r  as  the engineer or  technician i n  highways is  concerned, 

S t a t i s t i c s  may be thought of as a branch o f  mathematics that  i s  made 

up o f  methods and techniques for  dealing w i t h  measurements and, 

particularly,  the variation tha t  occurs i n  measurements. I n  the area 

o f  asphalt construction, many different  k i n d s  of measurements are made 

t o  determine the quality of the various materials used. 

a great deal of research has gone into the s tudying of patterns of 

In this regard, 

variation of kke different quali ty measurements or  qua1 i t y  characterist ics 

used for  asphalt concrete. What has been found i s  that  these qualfty 

measurements (Ex.  asphalt content, s t a b i l i t y ,  a i r  voids, e tc . )  vary i n  

a uniquely similar fashion. More important, i t  has been found that  the 

degree and nature o f  these variations are  mathematically describable by 

the technaques of S ta t i s t ics .  

1. To i l l u s t r a t e  pattern of variation found 

( S l i d e )  
.--------.I 

2. When measurements increase frequency distribution approx. normal curve. 

(Slide) 

3. Look a t  properties of noknal curve 

a. symnetrical 

b *  .P 
c. 7- 
d. areas under cuwt  related +c T-. 
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4. s mmary of Fundamentals - stat. enables IS t o  descr ibe material  

we a re  dealing w i t h ;  need only t o  know '3- and 

5 .  Department decided t o  us knowledge t o  e s t ab l i sh  spec i f ica t ion  limits 

and tolerances t h a t  adequately allowed f o r  var ia t ion .  

. 

(SlldeJ CI. 

a .  Problem of how wide t o  set tolerances - too wide allows f o r  

acceptance o f  bad product .  

b.  Problem of what is magnitude o f  i n  good mater ia l .  

) 

6 .  

o f  h i s t o r i c a l  da ta ,  banks of 8PR's and Materials Research Development 

Company, NCHRP Report (#50 sieve). 

Most o f  pas t  four  years  spent  gathering 7) - experiments, ana lys i s  

0 Y t  

(S l ide)  
2___ 

y) f o r  most of ten  used mixes - 1,2,5 

- 
7. With J known and f W t o l e r a n c e  approach as a guide.  Department 

then set out  t o  revise ex i s t ing  spec i f ica t ion  tolerances on individual 

test results. S ta r t ed  w i t h  Job Mix tolerances on composition. 

(Sl ide)  

a. A l l  to lerances f 2 ;  off job m i x  des ign  

b. Mix 1 + 5 example 



-5- 

8. 

revised t o  insure t h a t  a mix would not be designed which could 

produce inadequate mater ia l .  

I n  conjunction w i th  s e t t i n g  j o b  m i x  tolerances Addenda A was 

9. As a f u r the r  requirement i n  the area o f  composition the Department 

decided t o  average several consecutive t e s t  resu l t s  and place spec i f i ca t i on  

l i m i t s  on t h i s  average. To understand the reasoning behind t h i s  ac t ion  

i t  i s  necessary t o  be aware of a re la t ionsh ip  t h a t  ex is ts  between 

sample averages and the quant i t y  o r  l o t  o f  mater ia l  from which the 

samples come. 

(S l ide)  

10. To make use o f  property of sample averages i t  was necessary t o  

f i r s t  es tab l i sh  a l o t  s ize  and the number of samples t o  averaged. 

a. 

b. 

Guidance from other  states South Carolina, Louisiana, V i rg in ia  - 1500 tons 

Our tes t i ng  capaci t ies i n  Trenton ind icated we could t e s t  5 samples per lot  

c. Random sampling procedure added . 

11. With the ground work establ ished i t  was then possible t o  se t  f o r t h  

job m i x  tolerances on the f i v e  sample averages f o r  a l o t .  Since the use 

o f  sample averages b e t t e r  enables a d i f f e r e n t i a t i o n  between good and bad 

mater ia l ,  wider tolerances and smaller produce r i s k s  could be permit ted - 
width f 2.22-%; i  and about 2-11’2% r i s k .  

( S1 i de) 
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12. With the tolerances f o r  composition taken care of  the other areas 

o f  Addenda-A - s t a b i l i t y  and a i r  voids were turned to. 

(S1  ide) 

13. Random sampling procedures established. 

14. 

sampling procedures taken care of ,  the Department's next area o f  concern 

With the problems o f  proper ly  s i z i n g  toberances and se t t i ng  adequate 

was tha t  o f  "out o f  spec i f i ca t ion"  o r  non-conforming mater ia l .  

Department's b e l i e f  t h a t  t h i s  s i t u a t i o n  could best be handled by es tab l i sh ing  

I t was the 

a "reduced payment schedule." By such a schedule reduced payments would be 

made fo r  non- confomlng mater ia l  and the amount o f  reduct ion would vary 

depending on the degree o f  non-conformance. The basic idea here i s  t h a t  an 

out-of-spec. mater ia l  w i l l  not g ive the se rv fceab i l l t y  o f  the spec i f ied  mater ia l  

and therefore full-payment should no t  be made. However, the mater ia l  may 

provide sane s e r v i c e a b i l i t y  and thus i f  l e f t  i n  the  road some po r t i on  o f  the 

contract  p r i ce  should be paid. 

To es tab l i sh  an equi tab le payment schedule three questions had t o  

be answered: 

1. What i s  t o  be considered non-conforming m a t e r i a l ?  

2. A t  what l e v e l  o f  non-conformance should the mater ia l  be 
consfdered completely inadequate i n  the p a r t i c u l a r  
cha rac te r i s t i c  o f  concern? 

3.  What i s  t o  be the maximum payment reduct ion t o  be appl ied t o  
a non-conforming mater ia l?  

The answer t o  the f i r s t  question was, i n  the Department's opinion, 
, 

qu i te  c lear.  

normal var ia t ion,  a l o t  o f  mater ia l  having t e s t  r e s u l t s  outside the 

governing 1 i m i t s  should' be considered non-conforming mater ia l .  

Since spec i f i ca t i on  l i m i t s  had been a l te red  t o  a l low f o r  
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The level o f  non-conformance a t  which a material should be considered 

completely inadequate was no t  as straightforward. 

( S 1  ide) 

1. Allowed and considered insignificant 2.5% t e  5.0% 
outside specs. 

2. Judged that  15% to 20% would be point a t  which material 
should be judged inadequate, 

14. Maximum payment reduction u p  i n  the a i r .  

a. B.P.R. ,  other s ta tes  used as guide. 

b. Decided on: 15% f o r  mixture characterist ic 
20% f o r  s t a b i l i t y  
20% f o r  air voids 

c. A three level graduated payment schedule prepared f o r  each 
qual i t y  chatacter is t ic  w i t h  preceeding figures as maximum penalty. 

15. Example o f  Penalty Schedule f o r  Stabi l l ty .  

(S1 ide) 

Sumnary 

To summarize this large mass of information tha t  I have thrown a t  you, 

the Department of Transportation has adopted s t a t i s t i c a l l y  based methods f o r  

sampling, s i z i n g  specification tolerances, and payment for  asphalt concrete. 

These methods a re  believed t o  be the best way to  date of coping w i t h  the 

problem o f  evaluating asphalt concretes quality and providing payment 

consistent w i t h  that  qual i ty.  


