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ABSTRACT 

W i t h  the recent proliferation of surge 
retention of h o t  b i t u m i n o u s  concrete mixtures,many requests were 
being received by the New Jersey Department of Transportation f o r  
the i r  permitted use. The Departmen fu l ly  aware ,of the potential 
advantages of 
effects  on the the mixtures when coursed 
through such a system. 

This investigation was in i t ia ted  t o  ascertain w h a t  l imits  or 
definit ive specifications would be necessary t o  assure t h a t  the 
quality of "binned" mix,when placed as a mat would be comparable t o  

oncerned w i t h  the possible 

a mix delivered from the pugmill. ) 

A testing plan was developed around the c r i te r ia  of segregation, 
asphalt migration, loss in temperature, and loss i n  penetration. The 
adequacy of the procedure was then investigated i n  the f ie ld  a t  
several b i n  ins ta l la t ions.  Fine a n d  coarse aggregate mixtures were 
tested for.surge and storage use i n  bins of round and rectangular 
configurations. 
retention time in an a i r  atmosphere. Storage testing was conducted 
i n  b o t h  a i r  and " iner t"  gas atmospheres w i t h  a maximum dura t ion  of 
ninety-six hours. 
asphalt cement, r e  nixes were sampled a t  the pugmill and when 

extraction and recoveryJ T h i n  film oven t e s t s  were conducted on 
the original and recovered asphalts; : 

The resul ts  showed tha t  asphalt migration is  not a problem when 
mixed i n  conformance w i t h  the general spe i f icat ion.  Segregation 
does occu i n  coarse aggregate mixtures e severity and tonnage 
e f f e a ' i t r  tindent on the type of b i n  a d  P he accessory equipment 
used f o r  scharging the mix. Substantial heat loss  can occur i n  
the uppermost region of the "binned" material, the degree of  loss 
being a function of time, moisture content and the extent of 
supplementary heat. A detrimental loss i n  penetration (ha rden ing)  
of the asphalt cement occurred i n  the topmost portion o f  the b i n  
when stored overnight i n  an a i r  atmosphere. 

Surge testing varied from one t o  seven hours of 

No retarder type additive was used i n  the 

discharged from L- e b i n ;  checked for  temperature and tested by 

,- 

The specific aim of the project was achieved. 
developed t o  enable the B u r e a u  of Inspectionr Plant and Project ,  . 
t o  evaluate f i e l d  installation! of surge and/or storage systems and 
define the specific limits of acceptance for  use on State sponsored 
projects . 
written t o  assure a qua l i t y  of m i x  equal t o  t h a t  delivered 
pugmi 11 . 

A procedure was 

Secondly a suggested general speci f i  cation has been 

b 

i 



TABLE OF CONTENTS 

Paqe 

Lis t  of Figures . . . . . . . . . . . . . . . . . . . . .  i v  

List  of Tables . . . . . . . . . . . . . . . . . . . . .  v i  

I .  I n t r o d u c t i o n  . . . . . . . . . . . . . . . . . . . .  1 

A.  Specific A i m  . . . . . . . . . . . . . . . . . .  2 

B .  Research Approach . . . . . . . . . . . . . . . . .  2 

C. Significance o f  Work . . . . . . . . . . . . . .  4 

11. Literature Review . . . . . . . . . . . . . . . . . .  5 

A.  Equipment. . . . . . . . . . . . . . . . . . . .  5 

B, State o f  the Art . . . . . . . . . . . . . . . .  6 

C. Unpublished Data . . . . . . . . . . . . . . . .  8 

111. Research P1 an Resol u t i o n  . . . . . . . . . . . . . .  10 

A. Discussion . . . . . . . . . . . . . . . . . . .  10 

B. Sampling and Testing Plan . . . . . . . . . . . .  13 

IV. Field Investiqation . . . . . . . . . . . . . . . . .  15 

A. Equipment . . . . . . . . . . . . . . . . . . . .  15 

8. Bituminous Mixes . . . . . . . . . . . . . . . .  15 

C. Retention Time . . . . . . . . . . . . . . . . .  15 

i i  



TABLE OF CONTENTS (Con't.) 

Page 

V . Discussion of Results . . . . . . . . . . . . . . . .  17 

A . Segregation . . . . . . . . . . . . . . . . . . .  17 

B . Temperature . . . . . . . . . . . . . . . . . . .  43 

C . Penetration . . . . . . . . . . . . . . . . . . .  49 

D . Marshall S tab i l i ty  . . . . . . . . . . . . . . . .  62 

E . Bitumen Content . . . . . . . . . . . . . . . . .  64 

VI . Conclusion . . . . . . . . . . . . . . . . . . . . . .  65 

A . Segregation . . . . . . . . . . . . . . . . . . .  65 

B . Temperature . . . . . . . . . . . . . . . . . . .  66 

C . Penetration . . . . . . . . . . . . . . . . . . .  67 

D . Bitumen Content . . . . . . . . . . . . . . . . .  
E . Relating t o  the Specific Aim o f  this  Project . . .  

VII . Recommendations . . . . . . . . . . . . . . . . . . .  
A . Immediate . . . . . . . . . . . . . . . . . . . .  
B . Long Range . . . . . . . . . . . . . . . . . . . .  

References . . . . . . . . . . . . . . . . . . . . . . . .  
Appendix A . Evaluation Procedure . . . . . . . . . . . .  
Appendix B . General Specifications . . . . . . . . . . .  
Appendix C . Sampling and Testing Plan . . . . . . . . . . .  

68 

68 

68 

68 

69 

71 

72 

88 

90 

i i i  



LIST O F  FIGURES 

I11 ustration . . . . . . . . . . . . . . . . . . . . . . 
Figure 1 Gradations--Pugmill, B i n  #5 mix . . . . . . 
Figure 2 Percent Asphalt versus Gradation Number . . 
Figure 3 

Figure 4 

Figure 5 

Figure 6 

Figure 7 

Figure 8 

Figure 9 

Figure 10 

Figure 11 

Figure 12 

Gradations--Pugmill, B i n  15 mix . . . . . . 
Percent Asphalt vc,rsus Gradat ion  Number . . 
Gradations--Pugmill, Bin #2  mix . . . . . . 
Percent Asphalt versus Gradat ion  Number . . 
Gradations--Pugmill, B i n  #2 mix . . . . . . 
Percent Asphalt versus Gradation Number . . 
Gradations--Pugmill, Bin #1 mix . . . . . . 
Percent Asphalt versus G r a d a t i o n  Idumber . . 
Gradations--Pugmill , B i n  I1 mix . . . . . . 
Percent Asphalt versus Gradation Idumber . . 

Figure 13A Temperature Gradient Surge (heated) 
#5 mix . . . . . . . . . . . . . . . . . . 

Figure 13B 

Figure 14A 

Temperature Gradient Storage (heated) 
65 mix . . . . . . . , . . . . . . . . . . 
Temperature Gradient Surge (heated) 
82 mix . . . . . . . . . . . . . . . . . . 

Figure 14B Temperature Gradient Surge (unheated) 
#2 mix . . . . . . . . . . . . . . . . . . 

Figure 15 Temperature Gradient Surge (cone heated) . 
Figure 16 Temperature Gradient Stora9e f l  mix . . . . 

Pa qe 

16  

20 

21 

24 

25 

28 

29 

32 

33 

35 

37 

40 

41 

44 

44 

46 

46 

47 

48 

i v  



Figure 17  

Figure 18 

Figure 19 

Figure 20A 

Figure 208 

Figure 21 

Figure 22 

Figure 23 

LIST OF FIGURES ( C o n ' t . )  

Page 

Temperature Gradient Surge #1 mix . . . . .  50 . 
Temperature Gradient Storage #1 mix . . . .  
Penetration . storage #5 mix . . . . . . .  5 2  

Penetration . surge #2 mix . . . . . . . .  54 

Penetration . surge #2 mix . . . . . . . .  54 

Penetration . storage %1 mix . . . . . . .  57 

Penetration . surge 81 mix . . . . . . . .  5 8  

Penetration versus Viscosity . . . . . . .  60 

51 



LIST OF TABLES 

Page 

Table I Extraction Test Data New Jersey #5 mix . . . .  18 

Table 11 Extraction Test Data New Jersey #5 mix . . . .  22 

Table I11 Extraction Test Data  New Jersey t 2  mix . . . .  26 

Table IV Extraction Test Data New Jersey #2 mix . . . .  30 

Table V Extraction Test Data New Jersey $1 mix . . . .  34 

Table VI Extraction Test Data New Jersey t l  mix . . . .  38 

v i  



1 

INTRODUCTION 1. - 
Surge b i n s  f o r  t h e  r e t e n t i o n  of ho t  bituminous conc re t e  mixes 

have been used in Europe f o r  many y e a r s  and t h e  p l a n t  without a s u r g e  

b i n  i s  t h e  except ion  r a t h e r  than t h e  r u l e .  Almost a l l  of t he  

European b i n s  a r e  of e i t h e r  a squa re  or r e c t a n g u l a r  c o n f i g u r a t i o n  

ranging  from a min i scu le  25 ton  u n i t  up t o  u n i t s  of 300 tons .  Conversely 

on ly  a few i s o l a t e d  u n i t s  were found i n  t h e  United S t a t e s  u n t i l  about  

a decade ago.' 

Over t h e  p a s t  s i x  y e a r s ,  g r e a t e r  i n t e r e s t  has been genera ted  

due t o  t h e  p r o l i f e r a t i o n  of papers  o f f e r e d  a t  t e c n n i c a l  meetings,  i n  

t r a d e  j o u r n a l s  and t h e  almost weekly ba r rage  of brochures from zea lous  

equipment manufac turers  e x t o l l i n g  t h e  golden oppor tuni ty  f o r  e x t e n s i v e  

economic rewards. 

Xn t h e  l as t  two t o  t h r e e  y e a r s  the use of su rge  b i n s  has  i n c r e a s e d  

a t  a very  r a p i d  r a t e  i n  t h e  S t a t e  of New Je r sey  and r e f l e c t s  a t r e n d  t h a t  

is o c c u r r i n g  throughout t h e  United S t a t e s .  As B r e s u l t  r e q u e s t s  w e r e  

r ece ived  by t h e  Yew J e r s e y  Department of Transpor t a t ion  f o r  pe rmis s ion  

t o  use  s u r g e  o r  s t o r a g e  b i n s  on S t a t e  sponsored jobs .  

The D i r e c t o r  of t h e  then Div i s ion  of Materials whi l e  acknowledging 

t h e  p o t e n t i a l  advantages of t h e  s u r g e  b i n ,  a l s o  r e a l i z e d  t h a t  prolonged 

s t o r a g e  could  pose a d d i t i o n a l  problems. 

S t a t e  Highway Engineer t h a t  t h e  Div i s ion  of Research and Development 

under take  a n  i n v e s t i g a t i o n  t o  ascertain t h e  e f f e c t s  of su rge - s to re  

equipment on h o t  bitumipouq c o n c r s t e  and determine what l i m i t s  o r  

d e f i n i t i v e  s p e c i f i c a t i o n s  may be  necessa ry .  

lie t h e r e f o r e  r eques t ed  of t h e  
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Information from a prel iminary s t u d y  w a s  s u f f i c i e n t  t o  warrant  

t h e  encourgement of su rge  and s t o r a g e  bin use. I n t e r p r e t a t i o n  of 

t h e  r e s u l t s  of previous i n v e s t i g a t i o n s  showed t h a t  an i n i t i a l  i n - se rv ice  

e v a l u a t i o n  was necessary t o  e s t a b l i s h  the adequacy and l i m i t a t i o n s  of 

any given u n i t .  

I n  o rde r  of p r i o r i t i e s  then,  i t  became manifest  t o  f i r s t  d e f i n e  

the s p e c i f i c  aim and secondly develop an appropr i a t e  plan of  i n v e s t i g a t i o n .  

A. S p e c i f i c  A i m  

The purpose of t h i s  i n v e s t i g a t i o n  was to- determine i f  hot bituminous 

conc re t e  mixes processed through su rge  o r  s t o r a g e  b ins  could be approved 

f o r  use on s t a t e  sponsored p r o j e c t s  and to :  

1. Develop a procedure whereby t h e  Bureau of Inspec t ion ,  P l a n t  

and P r o j e c t  can twa lua te  f i e l d  i n s t a l l a t i o n s  of su rge  and/or s t o r a g e  

b i n s ,  and e s t a b l i s h  t h e  c r i t e r i a  f o r  acceptance o r  r e j e c t i o n  of t h e s e  

i n s t a l l a t i o n s .  

2 .  Develop a g e n e r a l  s p e c i f i c a t i o n  f o r  su rge  and s t o r a g e  b in  

s y s  t e m s  , 

B. Research Approach 

Tne normal avenues of approach were employed t o  determine t h e  

l a tes t  "state o f ' t h e  art" on t h e  s t o r a g e  of h o t  bituminous concrete 

m i x e s .  A l i t e r a t u r e  s e a r c h  was conducted; le t ters  were s e n t  t o  a l l  

fiighway Departments and Turnpike A u t h o r i t i e s  f o r  r e p o r t s ,  t e c n n i c a l  

memoranda, gene ra l  n o t e s  and/or  s p e c i f i c a t i o n s .  The Xat ional  Assoc ia t ions  

were contacted and a pe r sona l  survey conducted of t hose  producers i n  ;3ew 

J e r s e y  employing the  type of equipment under i n v e s t i g a t i o n .  Discussions 



3 

were held with Division and Bureau personnel  wi th in  the  Department 

of Transpor ta t ion  who had a d i r ec t  or i n d i r e c t  interest  i n  t h e  

p r o j e c t .  

From t h e  l i t e ra ture  search ,  i t  was determined t h a t  segrega t ion  

of mix, loss of temeprature, a s p h a l t  hardening (loss i n  p e n e t r a t i o n ) ,  

and a s p h a l t  migration were v i a b l e  c r l i e r i a .  

Hardening can be r e a d i l y  inf luenced by t h e  t y p e  of mix, t h e  

source and grade of a s p h a l t ,  t h e  a d d i t i o n  of "s i l icones"  and by 

s t o r a g e  i n  an " i n e r t "  atmosphere. 

and ' ' i n e r t  gas" atmospheres were s t u d i e d .  

a d d i t i o n  t o  the  a s p h a l t  cement was excluded s i n c e  s i l i c o n e s  a r e  n o t  

I n  t h i s  i n v e s t i g a t i o n  both a i r  

The use of a s i l i c o n e  

acceptab le  on s ta te  jobs. 

A n o t a b l e  poin t  of i n t e r e s t  is t h e  common and a l l  too c a s u a l  

interchange of the term surge  and s torage .  I n  t h i s  i n v e s t i g a t i o n  

surge use dll be considered From one t o  e i g h t  hours of r e t e n t i o n  

t i m e  o r  l i m i t e d  t o  same day use. The term s t o r a g e  w i l l  des igna te  

overnight  and longer per iods of r e t e n t i o n  t i m e .  

" I n e r t  gas" (as  erronously accepted by t h i s  indus t ry)  w i l l  

s i g n i f y  t h e  dehydrated f l u e  gas produced through t h e  combustion 

of n a t u r a l  gas i n  a s p e c i a l  burner.  

There w a s  an 86 percent  response t o  t h e  w r i t t e n  reques t  wi th  

only seven states having s tandard  s p e c i f i c a t i o n s  regarding t h e  use 

of surge  and s t o r a g e  u n i t s .  The s p e c i f i c a t i o n s  ranged from extremely 



4 

d e t a i l e d  equipment s p e c i f i c a t i o n s  t o  broadly i n t e r p r e t e d  gene ra l  

s p e c i f i c a t i o n s  p e r m i t t i n g  t h e  use of "other methods and equipment." 

I n  summary these  s p e c i f i c a t i o n s  were e i t h e r  s e v e r e l y  r e s t r i c t i v e ,  

meaningless o r  r e l i e d  too much on t h e  judgment of t h e  Inspec to r  

or Engineer. 

Based on the  information e x t r a c t e d  from all the  forementioned 

sources  a prel iminary procedure for eva lua t ing  su rge - s to re  sys tems 

w a s  developed. The adequacy of t h e  procedure was then i n v e s t i g a t e d  

through t r i a l  a p p l i c a t i o n  a t  s e v e r a l  b i n  i n s t a l l a t i o n s .  

Resul ts  from mixture  q u a l i t y  tests conducted through these  

t r ia l s  were used t o  develop t h e  suggested end product  spec i f  i c a t i o n  

requirements having d e f i n i t i v e  l i m i t s  on changes i n  t h e  p h y s i c a l  

p r o p e r t i e s  of ho t  bituminous mixes when coursed through a su rge  o r  

s t o r a g e  b in  system. 

C. S ign i f i cance  of Work 

The use of su rge  or s t o r a g e  b i n s  provides  for a more 

continuous ope ra t ion .  

more uniform product  over  a s tar t  and s t o p  ope ra t ion .  

i t  e l imina te s  t r u c k  "bunch ups" and permits  uniform d e l i v e r y  t o  

t h e  paving t r a i n  a l lowing a more c o n s i s t a n t  laydown by t h e  paving 

crew. 

A cont inuous ope ra t ion  w u a l l y  r e f l e c t s  a 

Secondly, 

Aside from t h e  p o t e n t i a l  improvement i n  q u a l i t y ,  t h e  

o v e r a l l  e f f i c i e n c y  provided by inc reased  product ion and lower 

hau l ing  and laydown c o s t s  could have a f avorab le  e f f e c t  on competit ive 

bidding 



These p o t e n t i a l  b e n e f i t s  however can only be of value t o  t h e  

S t a t e  providing t h a t  t he  equipment d e l i v e r s  a product equal  t o  o r  

b e t t e r  than t h a t  d e l i v e r e d  d i r e c t l y  from the pugmill .  

II. LITERATURE REVIEW 

A. Equipment 

The c h a r a c t e r i s t i c s  of t h e  a v a i l a b l e  equipment f o r  surge- 

s t o r a g e  systems are m u l t i f a r i o u s .  For t h e  sake of b r e v i t y ,  t h e  g e n e r a l  

d e s c r i p t i o n  r a t h e r  than t h e  p o s s i b l e  combinations of each i n d i v i d u a l  

op t ion  w i l l  be discussed.  

The b i n  conf igu ra t ion  can be e i t h e r  squa re ,  round o r  oval .  It 

can be open topped, p a r t i a l l y  c losed ,  o r  f u l l y  c losed with a ha t ch  

cover .  The b i n  may be unheated, insulated-unheated, o r  i n s u l a t e d  with 

p a r t i a l  o r  t o t a l  hea t ing  by e i t h e r  e l e c t r i c  o r  hot o i l .  

Conveying of t h e  hot mix from t h e  pugmill t o  t h e  b i n  i s  by 

e i t h e r  a continuous o r  a batch method. 

e i t h e r  rubber  b e l t ,  i n c l i n e d  screw, bucket e l e v a t o r  o r  drag s l a t  

conveyor. 

winch o r  a h y d r a u l i c  d r ive .  

The continuous method employs 

The batch method is  by s k i p  h o i s t  powered by a h o i s t  

I n  f i l l i n g  t h e  s i l o ( s )  only the  s k i p  

h o i s t  a l lows a mass dump of t h e  whole ba t ch  from t h e  pugmill .  

continuous system can e i t h e r  b e  a d i r e c t  drop o r  i n t o  a r e c e i v i n g  

The 

hopper which makes a s i p u l a t e d  mass dump a t  a predetermined weight .  

For multi-bin units, t h e  conveyor may dump i n t o  a h o r i z o n t a l  screw, or 

a f l i p  f l o p  d i v e r t e r  f o r  t r a n s f e r r i n g  t h e  material t o  t h e  b i n  s e l e c t e d  

f o r  f i l l i n g .  

o r  heated,  by e lec t r ic ,  oil or ho t  a i r .  

The continuoiis conveyor can be open o r  c losed ,  unheated 
\ 
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Various appurtenances t o  t h e  bin as in t e rna l  s p l i t t e r s ,  a r t i c u l a t i n g  

r o t a r y  conveyors, c y l i n d r i c a l  s e c t i o n s  ( t o  reduce t h e  h o r i z o n t a l  component 

of v e l o c i t y ) ,  i n v e r t e d  pyramid type hoppers, a s t e e p l y  t ape red  cone 

hopper, an i n v e r t e d  cone w i t h i n  a hopper, s i n g l e  o r  double discharge 

g a t e s  (both round and square)  and v i b r a t o r y  b i n  a c t u a t o r s  o r  weigh 

b a t c h e r s  f o r  unloading, are p ro f fe red .  All t h e  fore-going coupled 

wi th  an atmosphere of a i r  o r  " i n e r t "  ( low-act ivi ty)  gas o f f e r s  a f a i r  

d e s c r i p t i o n  of t t e  v a r i a b l e s  i n  consider ing an equipment s p e c i f  i c a t i o n .  

B. S t a t e  of t h e  A r t  

The e f f e c t  of t h e  surge-s torage of hot bituminous c o n c r e t e  mixes as 

r epor t ed  by o t h e r  r e s e a r c h e r s  show v a r i a b l e  r e s u l t s .  It  has  been gene ra l ly  

s t a t ed ,  " t h a t  safe s t o r a g e  p e r i o d s  a r e  a func t ion  of t h e  n a t u r e  and 

uniformity of t h e  mix r a t h e r  than the  b i n  des ign . " ( l )  It has a l s o  been 

claimed t h a t ,  " the  al lowable s t o r a g e  t i m e  i n  a hea ted  b i n  depends on t h e  

rate of a s p h a l t  hardening;  and t h a t  hardening of the a s p h a l t  w i l l  vary 

wi th  t h e  coarseness  of mix, sou rce  and grade of a s p h a l t ,  t r ea tmen t  of 

a s p h a l t  with s i l i c o n e  and the  atmosphere i n  t h e  b in .  

Comprehensive tests on mixes from su rge  and s t o r a g e  b i n s  were 

conducted by the F l o r i d a  Highway D e ~ a r t m e n t ' ~ )  and the Na t iona l  Asphalt  

Producers Associat ion (NAPA) I n  1966(4) and 1967.(5) 

mixes were employed i n  the forementioned tests. 

open and dense graded, r ang ing  i n  gradat ion from f i n e  t o  coarse. The 

f i n e  mixes (112 i nch  maximum s i z e )  were of crushed g r a v e l ,  g r a v e l  and 

Various types  of 

The mixes were both 

sand. Coarse mines (1-112 i nch  m a x i m u m  s i z e )  were of crushed s t o n e  a n d  

s t o n e  f i n e s .  The b i n d e r s  were p e n e t r a t i o n  grade a s p h a l t s ,  grade 40150, 

60/70 and 851100. 
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The fo l lowing  is  o f f e r e d  i n  summation: 

1. Genera l  

a )  There is no m i g r a t i o n  of  a s p h a l t  i n  s t o r i n g  mix a t  

t empera tu res  up t o  325OF. Some m i g r a t i o n  has  been r e p o r t e d  

when s t o r a g e  w a s  a t t empted  a t  340'F. 

b )  Coarse o r  open graded  mixes s e g r e g a t e  more and harden  

f a s t e r  t han  f i n e  g raded  mixes. 

Discharge t empera tu re  of t h e  mix i n  s u r g e  use  i s  e s s e n t i a l l y  

t h e  same as t h e  mix ' s  i n p u t  tempera ture .  I n  s t o r a g e  t h e  

tempera ture  t ends  t o  l eve l  o f f  and become q u i t e  un i form 

a f t e r  f o u r  hours, a t  a l e v e l  10' t o  20'F below t h e  mixing 

tempera ture .  

c )  

d)  S i l i c o n e  and /o r  i n e r t  gas  ex tends  s t o r a g e  t i m e .  

2.  S p e c i f i c  

a )  Tliere i s  no change i n  a s p h a l t  c o n t e n t  e x c e p t  when a s s o c i a t e d  

w i t h  s e g r e g a t i o n .  Samples f i n e r  than  t h e  ave rage  g r a d a t i o n  

were h i g h e r  i n  a s p h a l t  c o n t e n t ,  t h e  c o a r s e r  samples  b e i n g  

lower. 

b )  There is no s e g r e g a t i o n  i n  f i n e  mixes below a 112 i n c h  top 

s i z e  when t h e  b i n  delivers e s s e n t i a l l y  a vertical  mass f low 

a c t i o n .  S i g n i f i c a n t  s e g r e g a t i o n  o c c u r r e d  i n  c o a r s e  mixes 

between 112 i n c h  and 1-112 Inch  top  s i z e ;  t h e  last l o a d  o u t  

b e i n g ' c o n s i d e r a b l y  c o a r s e r .  

I n  an unheated s u r g e  b i n ,  ho ld ing  t i m e  depends on how f a s t  

t h e  mix a t  t h e  bot tom of  t h e  cone c o o l s  and sets up. Holding 

I 

c)  



8 

t i ne  i n  a hea ted  b i n  is dependent on t h e  ra te  of a s p h a l t  

hardening .  

d) A s i l i c o n e  a d d i t i o n  a t  t h e  rate o f  two ounces p e r  lOOU 

g a l l o n s  of a s p h a l t  cement p reven t s  m i g r a t i o n  of  t h e  a s p h a l t .  

e )  A s i l i c o n e  (DC-200) a d d i t i o n  of  one ounce p e r  5000 g a l l o n s  

of a s p h a l t  i n  a n  a i r  atmosphere i n c r e a s e d  the s a f e  ho ld ing  

time from two t o  s i x  hour s .  ( t h r e e  f o l d  i n c r e a s e )  

f) An i n e r t  g a s  a tmosphere i n c r e a s e d  s t o r a g e  t ime from two t o  

2 4  hours .  (12  f o l d  i n c r e a s e )  

The use  of a n  i n e r t  gas  atmosphere and a s i l i c o n e  a d d i t i o n  

i n c r e a s e d  s t o r a g e  t i m e  from s i x  t o  7 2  hours .  (12  f o l d  

i n c r e a s e )  

g)  

h)  That  t h e  use o f  bo th  s i l i c o n e  and an i n e r t  gas  a tmosphere 

i s  necessa ry  f o r  more than  one day s t o r a g e  of  c o a r s e  mixes. 

The r e s u l t s  of t h e s e  t e s t s  l e d  t o  proposed s p e c i f i c a t i o n s  from 

NAF'A's Q u a l i t y  Improvement Committee which w i l l  be  d i s c u s s e d  l a t e r .  

C. Unpublished Data 

I n  t h e  p a s t  few y e a r s  many s ta tes  became concerned as t o  how t h e  

use o f  b i n s  would a f f e c t  t h e  q u a l i t y  of t h e i r  b i tuminous  m i x t u r e s .  

Seg rega t ion ,  loss i n  t empera tu re  and p e n e t r a t i o n ,  and s t o r a g e  t i m e s  were 

t h e  i t e m s  of pr imary i n t e r e s t .  

Seg rega t ion  r e c e i v e d  t h e  most a t t e n t i o n  and many d i f f i c u l t i e s  were 

encountered  when b i n s  were f i r s t  i n t roduced .  

i n  b i n  c o n s t r u c t i o n  and t h e  a t t e n d a n t  t r a n s f e r  equipment much of  t h i s  

problem has  been e l i m i n a t e d .  T h i s  is e s p e c i a l l y  t r u e  i n  b i n s  of t h e  

As a r e s u l t  of ad jus tmen t s  
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mass flow design when not  emptied below t h e  cone. 

Loss i n  temperature is  dependent on b i n  use and ambient temperature.  

I n  uninsula ted  surge  u n i t s ,  l o s s e s  up t o  80°F have been reported when 

t h e  ambient temperature f e l l  below 50'F. On the  o t h e r  hand, m a t e r i a l  

s t o r e d  i n  heated b i n s  for as long as 12 days showed v i r t u a l l y  no loss 

i n  temperature.  

In  viewing t h e  s p e c i f i c a t i o n s  received,  surge-storage times vary  

from same day u s e ,  t o  10  d a y s  f o r  s i l i c o n e  treated a s p h a l t  mixtures  

i n  heated b i n s  having an i n e r t  gas sys tem.  - 

The subjec t  of hardening ( l o s s  i n  pene t ra t ion)  is a d i f f i c u l t  

p o i n t  t o  broach. Piost s t u d i e s  of a s p h a l t  hardening show t h e r e  i s  

cons iderable  quest ion as t o  whether a drop i n  pene t ra t ion  n e c e s s a r i l y  

i m p l i e s  a corresponding loss i n  q u a l i t y .  

Data from o t h e r  scates show t h a t  a 8S/lOO p e n e t r a t i o n  grade m a t e r i a l  

(92 a c t u a l )  was s t o r e d  for e i g h t  days with a recovered p e n e t r a t i o n  of 5 8 ,  

o r  63 percent  of o r i g i n a l ;  another  series showed a recovered p e n e t r a t i o n  

of 55  a f t e r  f o u r  days s t o r a g e  which w a s  62.5 percent  of t h e  o r i g i n a l  

(88). A New J e r s e y  producer using a s i l i c o n e  a d d i t i o n  i n  an a i r  

atmosphere showed a recovered p e n e t r a t i o n  of 38 a f t e r  f o u r  days 

a t o r a g e  which w a s  41.3 percent  of t h e  o r i g i n a l .  From t h e  f i l e s  of 

New J e r s e y  Department of Transpor ta t ion ' s  Bureau of Q u a l i t y  Control ,  

s ix ty- four  cored pavement samples taken i n  1953 (non-storage material) 

had an average recovered p e n e t r a t i o n  of 64.8 o r  70.5 percent  of t h e  

o r i g i n a l  average (91.9). A more recent s tudy  based on TFOT ( t h i n  f i l m  

oven t e s t )  shows an average penet ra t ion  of 58 f o r  26 samples,. o r  60 

percent  of t h e r  o r i g i n a l  (94.9) .  
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Recently committees of Nat ional  Organizations have suggested 

t h a t  t h e  lower l i m i t  on p e n e t r a t i o n  of a recovered asphal t  be based 

on a percentage of t h e  o r i g i n a l  v a l u e  a f t e r  t h e  t h i n  f i l m  oven test 

(TFOT). 

are 50 percent  and 47 percent  r e s p e c t i v e l y .  

acceptance i n  New Jersey  of p e n e t r a t i o n  values  of 43 and 40; a va lue  

considerably below t h e  58  a s  shown i n  our  labora tory  f i g u r e s .  

The AASHO and ASTM requirements f o r  an 85/100 pen a s p h a l t  

This would pennl t  

111. RESEARCH PLAN RESOLUTION 

A. Discussion 

"Since a mix t h a t  has  gone through a surge or s t o r a g e  b i n  w i l l  

be put  t o  the same s e r v i c e  a s  a mix hauled d i r e c t l y  t o  t h e  j o b  s i t e ,  

i t  is  l o g i c a l  t h a t  t h e  mix i n  both cases should meet t h e  same 

s p e c i f i c a t i o n s  . I t ( * )  Considering t h i s  statement as being a p r a c t i c a l  

q u a l i f i c a t i o n  and sensing t h e  enormity and cumbersomeness of an equipment 

s p e c i f i c a t i o n ,  i t  became evident  t h a t  an end product s p e c i f i c a t i o n  would 

be t h e  most e f f e c t i v e  method f o r  both t e s t i n g  and cont ro l .  I n  view of  

t h e  consensus of opinion of p r i o r  researchers  and t h e  scope of t h e  

g e n e r a l  p rovis ions  of Addenda A t o  t h e  1961 New J e r s e y  Standard 

S p e c i f i c a t i o n s ,  t h e  criteria of penet ra t ion ,  segrega t ion  and temperature 

become r e q u i s i t e s  f o r  formulating a bin evaluation procedure and 

determining those l i m i t s  of d e f i n i t i v e  s p e c i f i c a t i o n s  that may be 

necessary.  

1. Penet ra t ion  

The ord inary  c o n t r o l s  and t h e  general  requirement8 f o r  bituminous 

m a t e r i a l  do n o t  give any assurance  t h a t  excessive hardening would n o t  
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occur i n  s t o r a g e  which may have a d e l e t e r i o u s  e f f e c t  on t h e  mix. 

Most agencies do not  apply pene t ra t ion  l i m i t s  t o  a bituminous 

mix because of the  t i m e  consumed i n  t h e  recovery procedure and t h e  

l a g  between sampling and the  test results. Some agencies do not  have 

t h e  f a c i l i t i e s  f o r  t e s t i n g  and o t h e r s  s i m p l y  r e l y  on s p e c i f i c a t i o n s  

recommended by National or Trade  a s s o c i a t i o n s .  S p e c i f i c a t i o n s  there-  

f o r e ,  have been w r i t t e n  which tend t o  be over r e s t r i c t i v e ,  r e l y  too 

much on human judgment, o r  a r e  munificent.  

The S t a t e  of New Jersey has no provis ions  f o r  t h e  use of 

surge-s torage u n i t s  nor  l i m i t s  on pene t ra t ion  of recovered a s p h a l t .  

I n  viewing t h e  l a r g e  d i f f e r e n c e s  i n  pene t ra t ion  t h a t  may occur i t  is 

imperat ive t h a t  l i m i t s  be e s t a b l i s h e d  t o  prevent the  acceptance of a 

less s e r v i c e a b l e  material than t h a t  de l ivered  from the p u p i l l .  

1 

The phenomenon of hardening o r  l o s s  i n  p e n e t r a t i o n  is not  

thoroughly understood. I t  is genera l ly  accepted t h a t  t h e  chief  

f a c t o r s  r e l a t i n g  t o  d e t e r i o r a t i o n  of a s p h a l t  cement are oxida t ion  and 

v o l a t i l i z a t i o n .  Both of these  f a c t o r s  are inf luenced by a t i m e -  

temperature r e l a t i o n s h i p  which was n o t  taken I n t o  cons idera t ion  by 

some researchers ,  l ead ing  t o  Inaccura te  results and misleading conclusions.  

The use of dry ice (C02) t o  c h i l l  t h e  samples should s t o p  t h e s e  r e a c t i o n s  

and more c o r r e c t l y  i n d i c a t e  t h e  t r u e  phys ica l  p r o p e r t i e s  a t  a given p o i n t  

i n  t i m e  . 
2. Segregation of Mix 

It has been demonstrated t h a t  segrega t ion  can occur with 

d i f f e r e n t  mixes i n  a p a r t i c u l a r  b in  and t h a t  b i n  conf igura t ion  i t s e l f  

can cause segrega t ion . (6)  It is also p o s s i b l e  then, i n  b ins  of t h e  same 
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c o n f i g u r a t i o n  con ta in ing  i n t e r n a l  s p l i t t e r s ,  when t h e  h e i g h t  i s  i n c r e a s e d  

( f o r  g r e a t e r  c a p a c i t y )  t h e  r e s u l t i n g  d i f f e r e n c e s  i n  s p l i t t e r  h e i g h t s ,  

might  e f f e c t  a s e g r e g a t i v e  response .  

i n d i v i d u a l l y  for each mix. I f  t h 3  c o a r s e s t  m a t e r i a l  were t e s t e d  f i r s t  

and found t o  b e  a c c e p t a b l e  w i t h i n  t h e  j o b  mix formula,  i t  may n o t  b e  

n e c e s s a r y  t o  check mixes of a f i n e r  g r a d a t i o n .  Iiowever, w i t h  a 

s t a b i l i z e d  base  where t h e  mix may be of  s t o n e  or g r a v e l ,  ( d i f f e r e n t  

i n t e r n a l  f r i c t i o n s )  approval  of one shou ld  n o t  gua ran tee  au tomat i c  

a p p r o v a l  of t h e  o t h e r .  

The re fo re  each b i n  sliould be  t e s t e d  

3.  Temperature  

Repor ts  show t h a t  su rged  and s t o r e d  mixes have been h e l d  f o r  

v a r i o u s  p e r i o d s  of t i m e  w i t h  l i t t l e  loss i n  temperaLure. Suggested 

s p e c i f i c a t i o n s  for r e t e n t i o n  t imes on "s ta r t  up" f o r  unheated and h e a t e d  

b i n s  r ange  from two t o  1 4 4  hour s .  It is  conce ivab le  t h a t  a l i m i t  

e s t a b l i s h e d  a t  a 9d0F ambient  t empera tu re  may n o t  b e  a c c e p t a b l e  a t  40°F 

i n  an unhea ted  u . i i t .  While t h e  b u l k  of  t h e  material may be h e l d  w i t h i n  

a c c e p t a b l e  l i m i t s ,  s t e e p  g r a d i e n t s  o c c u r r i n g  a t  t h e  ex t reme ends  ( b o t n  

t o p  and bottom) could  d e t r i m e n t a l l y  e f f e c t  compaction i n  t h e  pavement. 

It i s  a l s o  q u i t e  p o s s i b l e  t h a t  c h i l l i n g  a t  t h e  shell i n t e r f a c e  of  

u n i n s u l a t e d  units could  cause  cak ing  and a subsequent  d i s c h a r g e  of 

lumpy material as t h e  b i n  i s  emptied.  

g i v e n  v e r y  l i t t l e  c o n s i d e r a t i o n  i s  t h a t  of  w e t  agg rega te .  

f a c t u r e r  has  r e p o r t e d  a 75°F drop  i n  m i x  t empera tu re  ove r  a 12 hour  

p e r i o d  i n  a hea ted  u n i t  when w e t  a g g r e g a t e  was used.  As a frame of  

r e f e r e n c e ,  i t  r e q u i r e s  approximate ly  1000 BTU'S t o  conve r t  one pound 

A f i n a l  2 o i n t  which has  been 

One manu- 
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of  water t o  a pound of steam. I f  t he  aggrega te  i n  a 150 t on  u n i t  

con ta ined  1% trapped  water which was conver ted  t o  steam, t h e  mass of 

mater ia l  cou ld  s u s t a i n  a 3-114 m i l l i o n  BTU loss. 

I n  sumnat ion i t  can be s t a t e d  t h a t  due t o  t h e  g r e a t  number of 

v a r i a b l e s  t h a t  may be encountered  in a su rge  o r  s t o r a g e  b i n  sys t em,  i t  

i s  judged  incumbent t h a t  each  u n i t  be tested f o r  each type  of  mix b e f o r e  

e i t h e r  a t e n t a t i v e  o r  permanent approva l  b e  g iven .  Fur thermore ,  t h e  

approva l  shou ld  b e  c o n t i n g e n t  upon normal p r o t o t y p e  usage,  t h a t  i s ,  i f  

t h e  t e s t i n g  i s  f o r  s u r g e  use then  long  term s t o r a g e  would n o t  b e  

a l lowed.  I f  s t o r a g e  is t h e  c o n s i d e r a t i o n  then approva l  would be f o r  

any t i m e  w i t h i n  t h e  i n t e r v a l  t e s t ed .  From t h e  survey  conducted  among 

t h e  p roduce r s  i n  New J e r s e y ,  i t  w a s  determined t h a t  96 hour s  r e p r e s e n t e d  

lOOZ of t h e  maximum a n t i c i p a t e d  s t o r a g e  t i m e .  

B.  Sampling a i d  T e s t i n g  PIE 

A t e n t a t i v e  e v a l u a t i o n  p rocedure  f o r  su rge - s to rage  units was 

developed and s u b j e c t e d  t o  t r ial  a p p l i c a t i o n s  a t  s e v e r a l  a s p h a l t  

p l an t s .The  sampling and t e s t i n g  conducted du r ing  each  trial is  d e s c r i b e d  

i n  g e n e r a l  terms below and more comple te ly  i n  Appendix "C". A l l  t e s t i n g  

w a s  i n  accordance  w i t h  t h e  s t a n d a r d  procedures  as o u t l i n e d  by AASHO,  ASTM 

o r  t h e  New Jersey Department of T r a n s p o r t a t i o n .  

1. Bin Loading 

Samples of t h e  paving  mixes were taken  from t h e  r e c e i v i n g  

c o n t a i n e r s  ( s k i p  bucket  or auge r  hopper)  immediately a f t e r  d ropp ing  

from t h e  pugmi l l .  The number of samples  taken d u r i n g  l o a d i n g  o f  t h e  b i n  

ranged from s i x  t o  e i g h t  depending on t h e  c a p a c i t y  of t h e  u n i t  b e i n g  
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t e s t e d .  A bucke t  of  b i tuminous  mix was c o l l e c t e d  by sampling t n e  t o p ,  

middle  and bot tom of t h e  heaped m a t e r i a l .  The t e m p e r a t u r e  w a s  measured 

by two thermometers ,  an i n s p e c t o r ' s  d i a l  t y p e  a s p h a l t  thermometer and a 

two i n c h  n e e d l e  t y p e  probe  pyrometer  (50-430'F r ange  - 20 second f u l l  

scale r e sponse )  c a l i b r a t e d  a g a i n s t  a mercury thermometer i n  a h o t  o i l  

b a t h .  The s a m p l e s  were p repa red  as p r e s c r i b e d  i n  a r t i c l e  9.1.22 of 

Addenda A of t h e  1961 ;Jew J e r s e y  S tanda rd  S p e c i f i c a t i o n .  TWO 8 x 8 x 2 

i n c h  b l o c k s  weighing approximate ly  e i g h t  pounds a p i e c e  were made from 

each s a m p l e ,  one f o r  e x t r a c t i o n ,  one f o r  recovery .  Three t o  f i v e  minutes  

e l a p s e d  from t h e  t i n e  t h e  mixes were sampled and t h e  b l o c k s  were formed. 

The b l o c k s  w e r e  immedia te ly  c h i l l e d  by p l a c i n g  a 9 x 9 x 1 i n c h  s l a b  of 

d ry  i c e  under  and ove r  t h e  b lock  sample.  Af t e r  two t o  t h r e e  minutes  tile 

s t e e l  band f o m s  were removed and t n e  d r y  i c e  sandwiched samples were 

p l a c e d  i n  a Styrofoam c h e s t  f o r  t r a n s f e r  t o  a deep f r e e z e  a t  t h e  

l a b o r a t o r y .  I n i t i a l l y  all samples from t h e  pugmi l l  were f r o z e n  b u t  

t h i s  p r a c t i c e  was d i s c o n t i n u e d  f o r  t h e  s a k e  of economy and o n l y  t h e  

samples  t e s t e d  f o r  a s p h a l t  recovery  were so t r e a t e d  for t h e  b a l a n c e  of 

t h e  i n v e s t i q a t i o n .  

2. 3 i n  Unloading 

As t h e  b i n  vas ,mloaded,  s a m p l e s  were t aken  f rom t h e  t r u c k  

c o i n c i d e n t  (on t h e  we igh t  o u t  b a s i s )  w i t h  t h e  samples  o b t a i n e d  on 

load ing .  "he f i r s t  and l a s t  loads o u t  r e c e i v e d  a d d i t i o n a l  i n c r e m e n t a l  

s a q l i n g  a t  112 a n d l o r  113 t h e  load .  

3. Tests 

All t h e  b i tuminous  m i x  samples ,  b o t h  pugmi l l  and b i n ,  were 

t e s t e d  by e x t r a c t i o n  and recovery .  The a s p h a l t  cements were s u b j e c t e d  
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t o  t h e  n o r m 1  s p e c i f i c a t i o n  tests and t h i n  f i l m  oven r e s i d u e  tes ts .  

A d d i t i o n a l  tests such as t h e  r ecove ry  of a s p h a l t  from Marsha l l  p l u g s  

and o t h e r s  were des igned  f o r  f u r t h e r  s u p p o r t i v e  in fo rma t ion .  

IV . FIELD INVESTIGATION 

The t e n t a t i v e  procedure  as developed w a s  e m p i r i c a l l y  e v a l u a t e d  i n  

t h e  f i e l d .  Only minor changes were made t o  i n c r e a s e  t h e  p r e c i s i o n  as 

new in fo rma t ion  w a s  gene ra t ed .  

A .  Equipment 

The b i n s  eva lua ted  were of round and r e c t a n g u l a r  c o n f i g u r a t i o n .  

The capaci t ies  ranged from 150 t o  200 t o n s .  KO two u n i t s  were 

i d e n t i c a l .  The fo l lowing  i l l u s t r a t i o n  shows t h e  d i s t i n g u i s h i n g  

f e a t u r e s  of each p a r t i c u l a r  system. 

13. Bituminous Nixes 

E igh t  tes ts  wer? completed o u t  of t e n  a t t empted .  Two were a b o r t e d  

due t o  mechanical  d e l a y s  a t  t h e  p l a n t ,  Three of  t h e  S tanda rd  Bituminous 

c o n c r e t e  mixes,  New J e r s e y  bl, 112, and 65 as o u t l i n e d  i n  t h e  g reen  or 

ye l low Addenda A t o  the, h’ew J e r s e y  Department of T r a n s p o r t a t i o n  S tandard  

S p e c i f i c a t i o n s  were employed d u r i n g  t h e  i n v e s t i g a t i o n .  

The t h r e e  e v a l u a t i o n s  conducted  i n  1 9 7 1  used a n  SS/lOO p e n e t r a t i o n  

a s p h a l t  cement as t h e  b inde r .  The f ive  e v a l u a t i o n s  i n  1 9 7 2  were 

conducted w i t h  t h e  v i s c o s i t y  graded  AC-20 a s p h a l t  cement. 

C. Re ten t ion  Time 

Three e v a l u a t i o n s  were made f o r  s t o r a g e ,  one w i t h  a # 5  and two wi th  

i l l  mixes; t h e  r e t e n t i o n  t i m e s  r ang ing  from 1 6  t o  94 hour s .  The o t h e r  

f i v e  e v a l u a t i o n s  were f o r  s u r g e  or same day u s e  i n c o r p o r a t i n g  t h e  #1, #2 

and 1:5 mixes,  r e t e n t i o n  times b e i n g  from 1 t o  7 hour s .  
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E m p t y i n g  into a Batch Hopper 
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V. DISCUSSION OF RESULTS 

The r e s u l t s  of t he  f i e l d  i n v e s t i g a t i o n  f u l l y  demonstrated tha t  

s e g r e g a t i o n ,  loss o f  tempera ture  and l o s s  of p e n e t r a t i o n  are v a l i d  

c r i t e r i a  i n  e v a l u a t i n g  su rge  and s t o r a g e  systems and a i d  i n  e s t a b l i s h i n g  

t h e  l i m i t s  necessa ry  t o  a s s u r e  accep tab le  material. 

I n i t i a l l y  t h e  uni formi ty  of g rada t ion  of  t h e  f i n e  mixes caused 

some c o n s t e r n a t i o n  as t o  whether t h e  procedure was t r u l y  capab le  of 

d e t e c t i n g  mixture  seg rega t ion .  

as d r a m a t i c a l l y  e x h i b i t e d  i n  F igure  4 and t h e  subsequent t r ia ls  of 

Th i s  apprehension w a s  qu ick ly  d i s p e l l e d  

c o a r s e  mixes. 

The use  of d ry  ice f o r  t h e  r a p i d  c h i l l i n g  of t h e  bituminous 

c o n c r e t e  samples i r r e f u t a b l y  shows t h e  e x i s t a n c e  of a t ime-temperature 

r e l a t i o n s h i p  concern ing  loss of p e n e t r a t i o n  and ques t ions  much of t h e  

l i t e r a t u r e  w r i t t e n  over  t h e  p a s t  30 y e a r s  r ega rd ing  t h e  "loss" 

a t t r i b u t a b l e  t o  t h e  pugmill .  

The d a t a  i s  p resen ted  f o r  ready r e f e r e n c e  i n  t h e  form of f i g u r e s ,  

t a b l e s  and e x p l a n a t i o n s  of t h e  n o t  so obvious. 

by cr i ter ia , the o r d e r  i n d i c a t i n g  i t s  rank of importance t o  an e v a l u a t i o n .  

A. Seg rega t ion  

The p r e s e n t a t i o n  i s  

1. Eva lua t ion  Data 

Table I shows t h e  r e s u l t s  of t h e  e x t r a c t i o n  test  on a su rged  

#5 mix. 

w i t h i n  t h e  t o l e r a n c e s  of t h e  j o b  mix formula e x h i b i t  good conformi ty .  

The b i n  material be ing  more uniform and s l i g h t l y  f i n e r .  

number shown r e p r e s e n t s  t h e  sum of t h e  pe rcen tage  pass ing  each s i e v e .  

The h i g h e r  t h e  number t h e  f i n e r  t h e  g r a d a t i o n  of t h e  mix. 

The g r a d a t i o n  of b o t h  t h e  pug and s u r g e  b i n  samples w h i l e  n o t  

The g r a d a t i o n  
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TABLE NO. I 

Extraction Test Data, Surged KO. 5 l l ix 
PUG SAXPLES 

Sieve  X Job Mix 
Passing 1 2 3 4 5 6 Design Formula 

1/2” 100 100 100 100 100 100 100 100 
31 8 98 9G 96 98 98.5 98 97 90-100 
4 68 57 56 59 57.5 59 65 60-80 
8 49.5 43.7 43.2 ‘44.0 44.5 42.8 48 43-5 3 

50 21.4 19.8 17.7 18.7 18.9 19.8 20 16-24 
200 6.1 5.4 5.6 6.4 6.3 7.8 6.3 4.3-8.3 

Grada- 343.0 321.9 318.5 326.1 325.7 327.4 313-36 5 
t i o n  II 
Bitumen 6.31 6. 9 6.12 6.13 6.15 6.18 5.8 5.3-6.3 

S t d .  
Variable Me an Dev . Maximum Minimum Range 

318 97.417 1.114 98.50 96.00 2.50 
4 50.417 4.364 68.00 56.00 12.00 
U Q 44.608 2.405 40.50 42.80 6.70 

50 19.383 1.261 21.40 17.70 3.70 
230 6.258 0.848 7.80 5.40 2.40 
B i t  6.164 0.078 6.31 6.09 0.22 

SILO SAMPLES 

Sieve  Z Job Mix 
Passing 1 2 3 4 5 6 7 Formula 

1/2” 99 100 100 100 100 100 * 100 100 
3 / 8  97 98 94 99 99 98 99 90-100 
4 61 62 59 59 62.5 60 60 60-80 
8 40.6 45.5 46.9 44.9 46.6 43.4 42.9 43-53 

50 20.5 20.1 20.1 19.2 20.1 17.7 17.9 16-24 
200 6.5 6.1 5.9 6.8 6.9 7.0 7.2 4.3-8.3 

Grada- 324.6 331.7 325.9 328.9 341.4 326.1 327.0 313-365 
t i o n  # 
Bitumen 6.19 6.15 6.04 6.28 6.30 6.14 5.62 5.3-6.3 

Std. 
Variable Mean Dev . l-iaximum Minimum Range 

31 8 97.857 1.773 99.00 94.00 5.30 
4 60.500 1.384 62.50 59.00 3.50 
8 44.393 2.237 46.90 40.60 6.30 

50 19.364 1.139 20.50 17.70 2.80 
20 0 6.621 0.478 7.20 5.0C 1.30 
B i t  6.103 0.230 6.30 5.62 0.68 
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Figure 1 i s  a grada t ion  c h a r t  with the  s i e v e  s i z e s  r a i s e d  t o  

the  0.45 power and compares the  average grada t ions  of the pugmill 

samples ,  t h e  b i n  samples  and the  l a s t  material out .  

each poin t  i s  t h e  s tandard devia t ion  f o r  t h e  p a r t i c u l a r  s ieve .  

r e s u l t s  were so c lose  t h a t  t h e  p l o t  f o r  a l l  p r a c t i c a l  purposes could 

have been represented by a s i n g l e  l i n e .  

The number bes ide  

The 

Figure 2 i s  a p l o t  of t h e  percent  a s p h a l t  versus  the  grada t ion  

number, the  l a r g e r  box r e p r e s e n t s  t h e  master range a s  shown i n  Table 3 of 

ASTM: D1663, (Composition of Asphalt Paving Mixtures) the  smal le r  box the  

to le rances  of the job mix formula. This p l o t  i n d i c a t e s  t h e  mix was on the 

coarse  s i d e  with a s l i g h t l y  h igher  bitumen content  than designed. 

Table I1 shows t h e  e x t r a c t i o n  results of a 115 mix t e s t e d  f o r  

s torage  up t o  94  hours i n  an i n e r t  gas atmosphere. 

r e q u i r e s  a more d e t a i l e d  explanat ion.  On t h e  day of t h e  tes t  t h e  p l a n t  

was making two mixes; a # 2  mix f o r  a maintenance j o b  and a #5 mix f o r  t h e  

eva lua t ion .  

t h e  t r u c k s  and s t o r a g e ,  i t  took f o u r  and a h a l f  hours  t o  f i l l  t h e  b in .  

When t h e  126th ton w a s  sampled i t  showed t h a t  21 tons  of t h e  82 mix had 

been inadver ten t ly  placed i n  t h e  bin.  

t h e  test and 48 tons of 95 mix were added t o  f i l l  t h e  bin.  

This p a r t i c u l a r  test 

A s  a r e s u l t  of switching back and f o r t h  between t h e  mixes, 

It was decided t o  cont inue with 

The b i n  was unloaded i n  21  ton t ruckloads a t  predetermined t i m e  

By j u d i c i o u s  observa t ion  and i n t e r v a l s  wi th in  t h e  96 hours scheduled. 

incremental  sampling t h e  d e l e t e r i o u s  mix w a s  e l iminated from t h e  b in .  

A t  106 t o n s ,  two percent  coarse  aggregate  w a s  found on t h e  112 inch 

s i e v e  (Sample 5D). The c o e r s e s t  mix occurred a t  1 2 4  tons (Sample 6D). 
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SIEVE SIZES RAISED TO 0.45 POWER 

FIGURE I 
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TABLE AO. 11 

EXTRACTIO:: TLST DATA, SURGED hU. 5 HI); 

PUG SAHTLLS 

Job Nix Sieve X 
PzEsing 1 B  2 B  3B 4 B  5B 6B* 78 86 benign Formula 

112" 100 1ou 100 100 100 85 l0U 
318" 98 YE 99 9 7  97 79 94 

4 60 57 57 61  59 4 4  60 
8 43 .9  3 9 . 3  43.3 46.9 42.7 30.6 46.2 
50 12 .3  1 7 . 2  15.0 16 .7  15 .5  1 2 . 1  16.7 

LOO 3 .3  7 . 3  4 . 4  4 .0  4 . 8  4 . 6  3.2 
Grada- 317.5 318.8 318.7 325.6 319.0 255.3 320.1 
t i o n  1 
Bitumen 5 .76  5.65 5.51 5.84 5.56 5 .71  5 . 8 4  

1 oil 10J  100 
99 97 YO-1ou 
65 (15 bu-80 
4 4 . 8  48 43-53 
1 4 . 7  20 16-24 

3.1 6 . 3  4 .3 -8 .3  
. 326.6 

5 .71  5.8 5.30-c1.N 

V a r i a b l e  - Hean S t d .  D e v .  Xnximurr Y in i  muc. Kanke 

318 97.429 1 .716  
4 59.857 2.734 
8 43.671 2.518 
50 15 .443  1.677 

Y9.0 9 4 . 0  5 .u  
6 5 . J  57.u 8.0 
&!I. 3 39 .3  7.6 
1 7 . 2  1 2 . 3  4 .9  

200 4.300 1 . 4 7 2  7 . 3  3.1 4 .2  
Bitumen 5.696 0.133 ;. aL 5.51 u.33 

S I L O  SA'TLES 
S i e v e  I J O D  Nix 
Pass ing  1 B  20 36 4B 56 5D 6D* 7B 7 D  7F 83 8u formula 

112" 100 100 loo i u o  1 I 98 84 100 100 100 100 1u3 1 ub 
318" 98 97 97 97 96 93  76 97 99 97 96 Y9 Y J - 1 U J  

8 46.2 39.7 45 .3  54.0 45.5 44.0 33.8 45.8 47.6 4 7 . 7  46 .3  42.9 4 3 - 5 3  
50 1 2 . 8  17.9 1 7 . 1  20.3 16.8 1 7 . 3  12.8 16 .1  17.5 16.7 1 7 . 9  16.51 lb-i!b 

2 00 3.4 8.2 4.8 4 . 6  4.5 4.9 4.7 4.0 4.1 3.6 4 . 3  4 . 0  4.3-b.J 

4 63  55 60 64 61  59 46 62 64 62 6 b  59 b0-66 

Grada- 323.4 317.8 324.2 339.7 323.8 316.2 257.3 324.9 332.2 327.0 334.5 321.8 
t i o n  U 
Bitumen 6.28 5.9 6 .1  6.05 5 . 8 4  5.71 5.89 5.54 j . 6 8  5.74 5.90 5.78 5.3J-6.30 

V a r i a b l e  H u n  5 r d .  Uev. Haximum Xinimur: liange 

31 8" 97.5 0.972 99.0 96.0 3 . 0  
4 61.6 3.098 6 6 . 0  55.0 11.0 
8 46 .3  3.711 54.0 39.7 14 .3  
50 17.0 1.867 20.3 12.b 7 . 5  
200 4.53 1.354 8.2 3.4 4 . b  

Bitumen 5.001 0.217 6.280 5.54 .74 -- 
*6B and 6D a r e  n o t  i nc luded  i n  mean and s t a n d a r d  d e v i a t i o n  c a l c u l a t i o n s .  
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A t  129 tons t h e  mix appeared normal. Sample 7B taken a t  134 tons 

denoted t h e  m a t e r i a l  t o  be back i n  s p e c i f i c a t i o n .  

t h a t  an intermixed zone of m a t e r i a l  e x i s t e d  f o r  a t  l e a s t  th ree  tons 

This demonstrates 

and somewhat less than e i g h t  tons above t h e  t h e o r e t i c a l  end point .  

Sample f o r  sample t h e  pugmill and s t o r a g e  b i n  gradat ions 

showed good conformity f o r  both the  #5 and t h e  I n t r u s i v e  #2 mixes, 

Sample 8D ( l a s t  m a t e r i a l  o u t )  is s l i g h t l y  coarser  than t h e  corresponding 

pug sample and i n d i c a t e s  minor segregat ion.  This concept is f u r t h e r  

augmented by bin Sample 8B which i s  akin t o  t h e  l as t  material added t o  

t h e  b i n  (Pug 8B) but  f i n e r  than t h e  l a s t  material o u t  8D. This suggests  

t h a t  funnel ing ( m a t e r i a l  flows pr imar i ly  i n  t h e  c e n t e r )  has  occurred i n  

t h e  hopper, 

El iminat ing t h e  grada t ions  a t t r i b u t a b l e  t o  t h e  #2 mix, t h e  

p l o t  of the  screen  ana lyses ,  Figure 3, again shows good conformity; t h e  

b in  samples being s l i g h t l y  f i n e r  than t h e  pugmill  samples  and the  l as t  

m a t e r i a l  ou t  being s l i g h t l y  coarser .  

The p l o t  of t h e  percent  a s r h a l t  versus  grada t ion  number, 

Figure 4, c l e a r l y  shows t h e  s h i f t  from t h e  # 5  mix t o  t h e  82 mix and back 

again.  

number 257 of t h e  corresponding b i n  sample 6 D  show e x c e l l e n t  c o r r e l a t i o n  

and attests t o  t h e  v a l i d i t y  of t h e  sampling procedure. 

The grada t ion  number 255 of t h e  pug sample 6B and t h e  gradat ion 

Tests one and 

two were conducted i n  a round b i n  as shown i n  F igure  A of t h e  i l l u s t r a t i o n .  

The t h i r d  tests w a s  conducted i n  a 200 ton rec tangular  b i n  

having a Vibra Screw Bin Actuator  f o r  discharging t h e  mix. The d e t a i l s  

are shown i n  F igure  C of t h e  i l l u s t r a t i o n .  

(comparable t o  3 A  of ASTM: 1663) with an 85/lOO a s p h a l t  cement as t h e  

The mix w a s  New Jersey #2  
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TABLE NO. 111 
EXTRACTION TEST DATA, SURGLD NO. 2 HIX 

Pu; SAUPLES 

Sieve  X Job Hix  
P A a r i U g  1A 2A 3A &A 5A 6 A  7 A  0A 9A 10A 11A Uesign Formula -  

1-1/2" 100 100 loo loo loo 100 100 lou loo 100 1UU 1ou 1 uu 
1" 100 100 96 100 100 100 90 98 93 98 100 Y8 YU-1UU 

4 39 35 37 41 47 39 41 41 40 4u 37 38 L>-l$J 
8 31 27.6 28.9 32.4 35.4 30.2 32.1 37.3 35.5 30.2 1 5 . 1  32.8 20.8-38.8 

50 8 . 4  8.2 8.5 7.8 9.7 9.7 9.8 10.9 10.3 9.4 9.2 9.5 5.5-13.5 

112" 76 71 75 80 05 00 77 74 75 76 76 70 bU-83 

200 2.9 3.0 2.9 2.6 3.2 3.1 3.5 3.8 3.7 3.9 3 . 4  3.0 1.0-3.3 

Grad.- 357.3 344.8 347.9 363.8 380.3 362.0 361.4 365.0 357.5 357.5 354.7 
t i o n  Y 
B i t m a n  5.08 4.90 5.03 4 . 0 5  5.34 4 . 9 7  5.10 4.63 4.93 4.87 4.62 4.8 &.LO-2.40 

Sieve Hean S t d .  Dev. -- . Maximum Minimum b n g e  

1" 90.455 2.252 100 Y3 7 
112" 76.018 3.710 a5 71 14 

4 39.727 3.101 47 35 12 
8 31.791 3.106 37.3 2i.O r .7  

50 9.227 0.990 10.9 7.8 3.1 
200 3.273 0.420 3.9 2.6 1.3 

Bitumen 4.974 0.188 5.34 L . 0 3  0.71 

SILO SAHPLES 

Sieve I Job n i x  
P a r r i n g  1 A  2A 3 A  4 A  jA 6A 7A 82, 9A 1 0 A  11A Formula 

1-1/2" loo 100 100 100 100 100 100 100 100 100 103 1UU 
1" 100 100 98 100 100 100 1uO 97 1dO 57 Y b  YO-IUU 

112" 77 76 78 78 07 70 69 6 9  75 jl il bJ - bJ 
4 39 41 41 4 4  49 42 3b 36 41 26 25 25-03 

50 9.5 9.7 9.0 9.7 10.r 10.U 6.7 Y.U 9.4 8.0 7 . 5  5.5-13. J 
8 31.4 31.7 32.4 33.9 38.0 3 4 . 0  28.8 29.3 32.2 21.9 20.0 26.6-36.b 

2 00 3.5 3.6 3 . 4  3.3 3.0 4.u 2.9 3.3 3.3 2 . 9  2.8 1. u-3. LI 

Grad.- 360.4 364.0 361.8 368.9 308.0 368.U 345.4 3 4 3 . b  36J.9 306.8 334.3 
t i o n  Y 
B l t u -  L . 0 0  5 . 0 +  5.UU 3 . 0 0  3.0) 3.UJ 4 . > L  4.b5 4.90 3 - 7 7  3.75 4.20-5. 4U 

S i e v e  Mean S c d .  Dev. Haxisum Hinimum Range 

1" 99.444 1.130 
112" 76.556 5.411 
4 41.000 4.000 
a 32.422 2.744 

50 9.409 0.535 
200 3.433 0.300 

Bitumen 6.988 0.312 

100 Y7 3 
a7 69 18 
09 36 13 
30 20.d Y.2 
10.4 0. ? 1.7 
4.0 2.9 1.1 
5.63 4.52 1.11 

'12 and 1 1 A  are  n o t  i n c l u d e d  i n  nean and s t a n d a r d  d c v l s c i o r .  c a l c u l a t i o n s .  
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binder .  The g r a d a t i o n s  i n  Table 111 show good conformity except f o r  

b in  samples 10A and 1lA which i n d i c a t e  extreme s e g r e g a t i o n  has  occurred  

i n  t h e  las t  11.5 tons .  These last two samples had almost i d e n t i c a l  

g r a d a t i o n s ,  wi th  g rada t ion  numbers approximately 56 p o i n t s  below t h e  

average  f o r  t h e  o t h e r  samples.  

It was q u i t e  obvious a t  t h e  t i m e  of sampling t h a t  s eg rega t ion  

had taken  p l ace .  The s i e v e  a n a l y s i s  confirmed t h e s e  obse rva t ions .  

The p l o t s  of t he  average  s c r e e n  ana lyses  f o r  t h e  pug and b i n  

samples (exc luding  l a s t  two b i n  samples) ,  F igu re  5 ,  a r e  very c l o s e ;  

t h e  b i n  samples aga in  be ing  f i n e r .  The l as t  two samples o u t  of t h e  b in  

are r ep resen ted  by one l i n e  which e x h i b i t s  g r o s s  s e g r e g a t i o n  probably 

exacerba ted  by t h e  60,000 pound ver t ical  t h r u s t  of t h e  b i n  a c t u a t o r .  

The p l o t  of p e r c e n t  a s p h a l t  v e r s u s  g rada t ion  number, F igu re  6 ,  

shows t h e  l as t  two samples o u t  of t h e  job mix s p e c i f i c a t i o n  and t h e  

master r ange  as w e l l .  

The f o u r t h  test was conducted i n  a similar r e c t a n g u l a r  200 ton  

unit  (F igu re  D i n  i l l u s t r a t i o n ) .  Discharge i s  o u t  of dua l  hoppers i n t o  

a weigh hopper which i n  t u r n  empt ies  i n t o  t h e  t r u c k ,  

conc re t e  w a s  a N e w  J e r s e y  12 mix w i t h  a n  AC-20 a s p h a l t  cement b inde r .  

Table IV shows t h a t  s ix  of t h e  e l even  pug samples and f i v e  of t h e  t e n  

b i n  samples o u t  of specif icat ion on the 1/2 i n c h  and number 8 s i e v e s .  

The g r a d a t i o n s  of silo samples 8AS, 9AS and llAS i n d i c a t e  t h e  coa r sen ing  

t r e n d  t o  o u t  of s p e c i f i c a t i o n  material due t o  s e g r e g a t i o n .  

of r e f e r e n c e ,  pug samples 9AP, lOAP and l l A P  g ive  no such i n d i c a t i o n .  

Sample l O A S  i s  miss ing  due t o  t h e  o p e r a t o r  n o t  s p l i t t i n g  t h e  l a s t  load  

as p r e s c r i b e d .  

The bituminous 

As a frame 
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TABLE N O .  I V  
EXTRACTION TEST DATA, SURGED NO.  2 NIX 

PUG SAMPLES 

Sieve I Job Mix 
Panring U P  ZAP 3AP 4 0  5AP 6AP 7AP 8AP 9AF' 1043 1 l A P  Design Formula 

1-112" 100 100 loo 100 100 100 100 100 100 100 100 100 1 uu 
1" 100 100 100 97 100 96 100 98 100 1OU 1OU 1 W  SU-iUC, 

4 M 51 51 49 48 43 50 47 52 56 53 45 25-bU 
a 44 45 44.5 46.5 41.5 36.5 41.5 40.0 43.5 46.4 44.5 38 32-44 

200 3.2 3.5 4.1 3.3 3.0 4.0 3.8 3.3 3.4 5.6 4.1 3.0 1.U-5.0 

112" 77 74 81 70 73 71 81 71 79 8 3  7 1  7 1  60-8U 

50 13.0 13.5 14.0 15.0 14.0 12.0 11.0 12.0 13.4 14.3 13.5 13.5 Y.5-17.5 

Crada- 387.2 387.0 394.6 380.8 379.5 362.5 387.3 371.3 390.9 4 0 5 . 3  389.1 370.5 
t i o n  I 
Bit-n 5.35 5.25 4.25 4.85 4.85 1.70 5.00 4.80 5 . 2 5  5.48 5.00 5.1 4.4-5.6 

Sieve Uean Scd. Dev. Uaaimum Hinimum Uange 

1" 99.182 1.471 1LM 96 4 
1/2" 75.545 4.803 83 70 13 
4 50.000 3.376 56 43 13 
a 44.000 3.860 51.5 36.5 15 

200 3.755 0.720 5.6 3.0 2.6 
B i t w n  4.980 0.348 5.48 4.25 1.23 

SILO SAWLLS 

50 13.209 1.171 15.0 11.0 G 

S1evt 2 Job Ulx 
Paaninn lAS 2AS 3AS 4AS 5AS 6AS 7M  AS 9.U 1lAs tormula 

1-112" 100 loo 100 100 100 100 100 100 100 l#U 100 
1" 98 97 100 100 98 100 100 95 98 100 90-100 
112" ai 69 76 84 70 80 75 76 69 6 1  60-&) 
4 53 46 50 56 48 53 49 51 47 35 25-60 
8 47.5 41.5 4 4 . 5  46.5 40.5 46.0 42.5 43.5 42 . 31.5 32-44 

50 14.5 13 13.5 13.5 12 14 13 .5  13 13 10.5 9.5-17.5 
200 4.1 3.5 4.1 4.8 3.6 4.2 4.5 4.0 3.6 3.0 1. #-5.0 

Crada- 398.1 370.0 388.1 404.8 37z.i 397.2 384.5  382.5 372.6 341.0 
tion I 
Bit-n 5 . 5 5  4.85 5.20 5.45 4.80 5.45 4 . 9 0  5.05 0.80 4.05 4 . 4 - 5 . 8  

Sieve llun Std.  hr.  nAxImum ninimm Range 

1" 98.444 1.740 
112" 75.556 5.457 
4 50.333 3.240 
8 43.833 2.437 
50 13.333 0.707 

20 0 4.044 0.433 
Bit- 5.117 0.304 

'11 is not  included i n  mean and standard dev ia t lon  c a l c u l a t i o n s .  

100 95 5 
84 69 1 5  
56 46 10 
47.5 40.5 7 
14.5 12.0 2.5 
4.8 3.5 1.3 
5.55 4 . 8  .75 
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The pugmi l l  and b in  average  g rada t ion  va lues  (excluding l a s t  

two b in  samples) were p r a c t i c a l l y  i d e n t i c a l  and are dep ic t ed  as a 

s i n g l e  l i n e  i n  F igu re  7 .  

g r a p h i c a l l y  i l l u s t r a t e  t h e  t r end  toward s e g r e g a t i o n .  

The "next t o  las t"  and ' ' last out" samples 

F igure  8 shows t h e  mix t o  be on t h e  f i n e  s i d e .  The t r i a n g u l a r  

p o i n t  t o  the  lower l e f t  r e p r e s e n t s  t he  last m a t e r i a l  ou t .  This sample 

wh i l e  only s l i g h t l y  ou t  of s p e c i f i c a t i o n  (coarse)  on g rada t ion ,  w a s  

much more so on bitumen con ten t .  Sur face  area is  a f u n c t i o n  of f i n e n e s s ,  

t h a t  i s ,  t h e  f i n e r  t h e  p a r t i c l e  t h e  greater t h e  s u r f a c e  area p e r  u n i t  

weight.  

weight of aggrega te  and a s p h a l t  cement (wi th in  t h e  p r e c i s i o n  of t h e  

weighing equipment) t h e  s u r f a c e  area would be coa ted  wi th  a u n i t  weight 

pe r  equare f o o t .  The re fo re ,  when s e g r e g a t i o n  occur s  t h e  c o a r s e r  

material having less s u r f a c e  area pe r  urii: weight w i l l  a l s o  have less 

bitumen per  u n i t  weight.  From a f r e e  hand fit curve  i t  appears t o  b e  

h igh ly  c o r r e l a t i v e .  While beyond t h e  scope of t h i s  i n v e s t i g a t i o n ,  i t  

may be p o s s i b l e  t o  develop t h e  g r a d a t i o n  nrrmber as an  index  f o r  measuring 

seg rega t ion  o r  f o r  p r e d i c t i n g  t h e  r e q u i r e d  a s p h a l t  con ten t  f o r  d i f f e r e n t  

The g r a d a t i o n  number is a func t ion  of f i n e n e s s .  With a given 

g rada t ions .  

The f i f t h  test  w a s  on o u r  coarse ,dense  graded  #l s t a b i l i z e d  base  

mix (comparable to t h e  ASTM-2A des igna t ion )  wi th  an AC-20 a s p h a l t  cement. 

The bin w a s  t h e  same round u n i t  used i n  the f i r s t  two tests. Table V 

g ives  t h e  g r a d a t i o n s  based on t h e  1968 Addenda A. 

Figure  9 shows t h e  average  of the ,pug  samples to be  s l i g h t l y  

f i n e r  than t h e  material o u t  of t h e  b in .  The i n d i v i d u a l  samples i n  

every case were a l s o  of a s l i g h t l y  f i n e r  g rada t ion .  It  i s  thought  
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TARLE NO.  \I 
EXTRACTIOt t  TEST DATA, SURGED NO.  1 V I X  

PUG SlrMPLES 

Sieve 7 Job P . i x  
Passing 1P 2 3fi A 5 F b  7 P Design Formula 

2" i o n .  i n n  1 n n  1 nn 1 nn 1 nn 1 nn 1 fir! 1 an 1 on 
l - l / ? "  100  190 1 Pn 1 np1 1 on i n n  1 n" 1 on 1 no 9p-1 nr) 

3/4"  E3.5 7 9 . ~  ~ n . 5  7 e . n  PI . n  m . 5  ~ 2 . n  m . 5  P2 6n-1 0c 
!? 5p.5 51.5 51.5 5 3 . ~  53.n 53.5  57.0  58.5 ( 2  25-F'i 
R 51.75 44.75 Afi.25 h 7 . Y  4 F . W  AF.nn AP.15 517.75 35 27-13 

50 16 .75  13.75 i n . n n  i 5 . v  1 3 . 7 5  i 5 . m  i5..nn 16.75 16 11 -?l 
200 7 . 2  6 . 7  7.25 f . 6 5  F . F ~  7 . 7 n  7.75 8 . m  6 A-P. 

Grada-  
t i o n  e AlP.2 393.7 337.2 An?.g nnl .1  n v . 7  n m . h  a1n.n 
Bitunen 5.An A.P5 A . n n  S."n 5.1" 5 .n75 5.715 5 . 5 2 5  4 . f  . C - 5 . 2  

Sieve Mean S t d .  Dev. M a x i m w n  !rinirnum PanGe 

3 / 4 "  80.625 1.6PS r 3 . 5  7 P . O  5 . 5  
4 54.56.2 2.?F" 5P. 5 51.5 7 .0  
R 47.406. 2 . 6 0 7  51.75 46.25 7 . 5  

59 15.062 1 .223  16.75 13.75 3.0 
2nc 7 .47s  O.6"3 R.75 6.65 2 . 1  

Bitunen 5.134 0.236 5.525 A .R5  0.675 

SILD SAMPLES 

Sieve % qf+ f 
Passing 1A 2 3 P  C 5 FA 7 RA Job H i x  Fannu12 

1 - 1 / 2 " 1 no 1 on 1 n0 1 nc 
100 l c ro  100 

inn lor) 90-1 90  
2"  .1 no 1 no i no 

3/ 4 'I 7 5 . 5  70.n 79.5 m.n 75.5 76.5 77.5 77.0 1s 60-100 

1 nn 1 On 
l n n  i n n  1 nrl 1 0" 

4 59.0 53.5 5a.n 53." A E . ~  4 o . n  ~ 9 . 5  52.n 25-60 
P 49.0 ~ d . 0  a 5 . s  A F . P  A1.P 62.Q h 2 . 5  4A.P  &% 27-43 

50 1 4 . 5  1 5 . 5  14.P 15 .P  12.P 12 .5  1 1 . n  1 4 . 5  , 2 . c l l - 2 1  
2nn 7 .15  7 .65  7.5n 7.nn 6.2n 6 . i n  a .35  7 . 3 ~  fi-8 

Grada- 
t i o n  c 391.9 m n . 1  m 2 . n  377.2 305.2 3 ~ 6 . 6  3es.n 3 ~ 5 . ~  51 7 
Bitunen 4.60  A.Pg A . ? 5  4.RO A.SP 4.0n 6.53 . A . ? ?  4 -5 .2  

Sieve Mean Std. k v .  Maximun Yi nimun Range 

3f4" 77.562 
4 51.125 

50 13.P25 
200 6.656 

E4 tunen 4.767 

a U .  55n 

1.761 
2 I 2 W  
2.330 
1.551 
1 .nnn 
n.170 

n0 75.5 
SA 42  
1? A1 .e 
15.5  11 

7.65 4.35 
A .?5 d .53 

4 . 5  .- 
6 .O 
7.2 
4 .5  
7.3 
n . t 2  



- 
9NISSVd lN33t13d 

\* - m  

N -1 



36 

t h a t  with a coa r se  mix t h e r e  i s  a s l i g h t  anmunt of s eg rega t ion  connected 

w i t h  unloading the  p u g m i l l .  h%en t h e  d i scha rge  g a t e s  open, t h e  bulk of 

t he  mix drops from the  c e n t e r .  As d i scha rge  cont inues a s l i g h t l y  f i n e r  

mix ensues from the  corners .  Thus t h e  discharge i n  conjunct ion with 

t h e  small c roee - sec t iona l  area of the t r a n s f e r  hopper effects a b ia sed  

s a m p l e  of s l i g h t l y  f i n e r  g rada t ion .  A sample taken a t  f i v e  tons  b e f o r e  

t h e  l a s t  m a t e r i a l  ou t  coincided e x a c t l y  with the  s i l o  average curve.  The 

l as t  material o u t  i n d i c a t e s  minor seg rega t ion  although i t  is s t i l l  

w i t h i n  s p e c i f i c a t i o n  on gradat ion.  

Figure 10 i n d i c a t e s  t h a t  t h e  mix was on t h e  f i n e  s i d e .  S a m p l e s  

taken by ano the r  bureau during product ion a l s o  showed the  mix to  be on 

t h e  f i n e  s i d e  and ou t  of s p e c i f i c a t i o n  on t h e  1 8  s i e v e .  

s amples  o u t s i d e  of the j o b  mix formula box s i g n i f y  s l i g h t l y  b i a sed  

samples .  

ou t  by 0 .3  pe rcen t  on bitumen con ten t .  

The pugmill  

The l a s t  m a t e r i a l  o u t  while  i n  s p e c i f i c a t i o n  on g rada t ion  w a s  

The s i x t h  and las t  tes t  f o r  s eg rega t ion  was on a #1 s t a b i l i z e d  

b a s e  mix having an AC-20 a s p h a l t  cement b inde r .  The b i n  was a round, 

i n s u l a t e d ,  cone heated u n i t  (Figure B) f e d  by a slat  conveyer. The 

d i scha rge  cone hes  a 60' angle .  The d i s t i n g u i s h i n g  f e a t u r e  of t h i s  

unit  is an an t i - seg rega t ion  d i spense r  which c o l l e c t s  material from t he  

conveyer and s p l i t s  t h e  material i n t o  two equal holding compartments. 

When a p r e s e t  q u a n t i t y  of mix has been accumulated, t h e  g a t e s  open 

s imultaneously purportedly d i scha rg ing  t h e  two masses of mix over  t h e  

c r o s s  s e c t i o n  of the  silo. 

The g rada t ions  (Table VI), show good conformity between 

t h e  pugmill  and b in  samples  f o r  t h e  f i r s t  132 t ons  discharged.  

Bin samples 8A and 813 are v i r t u a l l y  i d e n t i c a l  and r ep resen t  
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TAtlLt NO.  V I  
LXTRACTION TESl DATA. SUWE1, HO. 1 MIX 

PUG SAMPLES 

2" 
1-112'' 

1" 
112" 

4 
0 

50 
2 00 

100 100 100 
100 100 100 
100 98 100 
71 67 62  
5 3  5 1  60 
42 40 37.5 
1 3  12 1 3  
4.9 4.7 4.6 

100 
100 
100 

6 4  
46 
36.5 
1 2  

4 . 4  

100 
100 

6 0  
5 1  
39.5 
13.5  

5 . 7  

9 8  

100 
100 

9 3  
b 3  
49  
36.5 
11.5 

5 . 1  

1Lw 
10O 
1 ou 

75 
57 
4 2 . 5  
14.5  

5.Y 

100 
100 
100 

6 6  
5 3  
39.5 
1 4 . 5  

5 . 4  

Job N i x  
9 A  k r l g n  Formula 

1 O U  
100 

Y4 
LA 
5 1  
37.5 
13 

b . 2  

lUU 
1 UL) 

9 7  
lJ1 
ju 
4 1 . J  
1 5 . 0  

0 . j  

1VLI 
YJ-1uu 
8U-lULI 
J d - b >  

1 > - 6 U  
J J . > - 4 9 . >  

1U-ZJ 

4 .  > - b .  3 

Crada- 4 0 3 . 9  472.7  4 6 5 . 1  462.9  4 7 5 . 7  4 5 8 . 1  494.9  4 7 8 . 4  C b J .  7 
t i o n  U 
Dictmen 5 . 1  4 . 7  4 . 5  4 . 6  4.75 4.35 5 .10  4.75  4 . 5 0  L . 8  4 . 1 - > . >  

Siave H e m  b t d .  k v .  Haximum U i n i m u n  Kange 

1" 9 8 . 1 1 1  2.759 1 uu 9 3  7 
112"  66.667 4.183 75 61 1 3  
4 51.000 3.202 5 7  40 11 
0 39.056 2.220 41.5 3 b . j  6 

50 13.000 1 . 0 6 1  14.5 11.5 I 
200 5 . 2 1 1  0.625 6 .2  4 . 4  1.8 

B i t  u w n  4.706 0.259 J.l 4 .  33 I .  73 

S I L O  SAqYLES 

Sieve I J o t  n i x  
P a a a i n g  U 2 A  3h LA 5A 6 A  7A 8 A  08 9A  orm mu la 

2" loo 100 100 10u 1 0 0  
1-112" loo 1 0 0  100 100 100 

1" lo0 100 100 9Y 96 
112" 76 69 67 63  65 

4 6 0  5 3  50 5 0  52 
0 46.5  42 39 36.5 39.5 

50 15 14 14 13 13 
200 6 . 5  5.9 5.0 5.5  5 .7  

100 1ou 
100 10u 
92 95 
6 0  67 
54 5 3  
40.5 30 
13 13.5 

5.0  6.0 

1 ou 
100 

9 u  
52 
42 
31.5 
11.5 

5 . 0  

1uu 100 
100 1ou 
9 1  94  
5 2  4 4  
43  33 
32.5 25.5 
1 1 . 5  10.0 

5.2 4.5 

Grad.- 504.0 403 .9  4 7 5 . 0  L69.0 410.2 473.3 472.5  432.0 435.2 411.0 
t i o n  I 

5.45 4.9 4 . 6  4.b5 4 .7  4 . 7 5  4 . 6 5  3.95 4 .10  3.45 4.1->. 3 

Sieve Man Std. Uev. Haximum liinimum W g e  . - .  . 

1" 97 .429 3.155 100 92 8 
112" 67.057 4.100 76 63  13 

4 53.143 3.380 6 0  50 10 
8 40.429 3.020 * 46.5 30 6.5 

50 31.643 0.740 1 5  1 3  2 
200 5.006 0.313 6 . 5  5.5  1 

B i t -  4.811 0.297 5.45 4 . 6  U. b3 

*M, COY and 3A arc no: Include? lr. ncaa art z:?.;<a+ c!evittlrn c ? l c u l r t i m c .  
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the  140 and 148 tons respec t ive ly .  

(152 tons)  shows gross  segregat ion.  The coarseness i s  i n d i c a t e d  by a 

lessening  of 24,20  and 15 percent  t h r u  the  1 1 2  inch,  84 and 118 inch  

s i e v e s  and a drop of approximately 60 p o i n t s  i n  t h e  g r a d a t i o n  number. 

Segregation s t a r t e d  t o  occur between t h e  l a s t  12 t o  20 tons out  of 

t h e  b in .  This i s  bel ieved t o  be due mainly t o  t h e  an t i - segrega t ion  

device forming two cones on complete f i l l i n g  of t h e  b in .  

bin a c t s  a s  a plug flow u n i t  u n t i l  t h e  material e n t e r s  t h e  tapered 

hopper. 

Sample 9 A  t h e  l a s t  m a t e r i a l  o u t  

The c y l i n d r i c a l  

The f r i c t i o n a l  condi t ions of t h e  hopper w a l l  and t h e  m a t e r i a l  

allow t h e  c e n t r a l  p o r t i o n  t o  flow o u t  f a s t e r  than t h e  s i d e  p o r t i o n  

r e s u l t i n g  i n  funnel ing.  Dual cones (heaped m a t e r i a l )  i n  t h i s  l o c a t i o n  

i n  t h e  b i n  aided by t h e  f l a t t e r  60" angle  would tend t o  exaggerate  

t h e  funnel ing.  The r e s u l t s  of t h i s  test  when compared wit.h t h e  previous 

test of a c e n t r a l l y  f i l l e d  c y l i n d r i c a l  b i n  suppor ts  t h i s  hypothes is .  

Figure 11 g r a p h i c a l l y  i l l u s t r a t e s  t h e  s e g r e g a t i v e  t rend  t o  out 

of s p e c i f i c a t i o n  material. 

r e p r e s e n t a t i v e  of both t h e  140 and 148 ton  samples .  

The next  t o  last material o u t ,  p l o t ,  i s  

A f r e e  hand f i t  c u m e  of t h e  p l o t  i n  Figure 12 shows 

e x c e l l e n t  c o r r e l a t i o n  between percent  asphal t  and g r a d a t i o n  number 

( sur face  a r e a s ) .  The t h r e e  t r i a n g u l a r  p o i n t s  (bin samples) t o  t h e  lower 

l e f t  show t h e  t rend  of segrega t ion  t o  o u t  of s p e c i f i c a t i o n  material. 

The t r i a n g u l a r  po in t  to t h e  upper r i g h t  represent ing  t h e  f i r s t  m a t e r i a l  

out  could be construed t o  be a selective b i n  sample, however, i t  i s  

f e l t  t h a t  t h i s  i s ' a  real value e x h i b i t i n g  s l i g h t  segrega t ion  due t o  t h e  

e f f e c t  of t h e  dua l  o f f  c e n t e r  charging system. 
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2 .  S t a t i s t i c a l  V e r i f i c a t i o n  Method 

To f u r t h e r  augment t h e  v a l i d i t y  of t h e  t e s t i n g  procedure  f o r  

de te rmining  s e g r e g a t i o n ,  t h e  sieve a n a l y s e s  were t r e a t e d  s t a t i s t i c a l l y .  

Of t h e  methods a v a i l a b l e ,  t h e  t r e a t m e n t  of t h e  samples  as p o s s i b l e  

o u t l i e r s  i n  r e j e c t i n g  o b s e r v a t i o n s  appeared most ap ropos  t o  t h e  s i t u a t i o n .  

The theo ry  of R e j e c t i o n  o f  Observa t ions  i n  a S i n g l e  Experiment-- 

The S tuden t i zed  Range Procedure") ,  was u t i l i z e d .  

cons idered  as a p o p u l e t i o n  whose mean and s t a n d a r d  d e v i a t i o n  were 

unknown; t h e  pug samples  as t h e  a v a i l a b l e  independent  e x t e r n a l  estimate 

of  t h e  s t a n d a r d  d e v i a t i o n .  The p rocedure  is as f o l l o w s :  

The b i n  samples  were 

Choose Q: , t h e  p r o b a b i l i t y  or r i s k  w e  are w i l l i n g  t o  t a k e  

i n  r e j e c t i n g  a n  o b s e r v a t i o n  t h a t  r e a l l y  be longs  i n  t h e  

group. An Q of t e n  p e r c e n t  was s e l e c t e d .  

From s e l e c t e d  t a b l e s  (A-10 p e r c e n t i l e s  of t h e  s t u d e n t i z e d  

range)  f i n d  q (n ,v)  where n i s  t h e  number of o b s e r v a t i o n s  

i n  t h e  sample ( b i n ) ,  and v i s  t h e  d e g r e e s  of  freedom for Sv(pug) ,  

1 - a  

t h e  independent  e x t e r n a l  estimate of t h e  s t a n d a r d  d e v i a t i o n  

o b t a i n e d  f rom c o n c u r r e n t  o r  p a s t  d a t a  (pug)---not from the  

sample .In hand. 

I f  Xn - X1 > w, reject t h e  o b s e r v a t i o n  (range of b i n  samples) .  

Sample c a l c u l a t i o n  - Tab le  VI, sample 9 ,  # 8  sieve. 

11 = b i n  samples  = 10 
v = n - 1 - number of pugmi l l  

samples  minus one (9  - 1) 

(10, 8) = 5.13 
q.90 

)S - 5.13 x 2.23 '8 11.44 (91 -0 .  
W '  

Xn - X1 = 46.5 - 25.5 = 21.0 > 1 1 . 4 4  t h e r e f o r e  reject  
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Sample Number 

9A 8B 8A 7A 
Sieve 
Size w h - X 1  w %-X1 w %-X1 w %-X1 

1" 14.1 10.0 13.8 10.0 13.1 10.0 12.9 8.0 
1/2" 21.5 32.0* 20.7 24.0* 20.5 24.0* 19.4 13.0 

I/ 4 16.4 27.0* 16.0 18.0* 15.5 18.0* 14.9 10.0 
I! 8 11.4 21.0* 11.1 15.0* 10.8 15.0* 10.4 8.5 
850 5.4 5.0 5.3 3.5 5.1 3.5 4.9 2.0 

#200 3.2 2.0 3.1 1.5 3.0 1.5 2.9 1.0 
b i t .  1.3 2.0* 1.3 1.3 1.3 1.5* 1.2 0.9 

*Reject: 8, 8B and 9 

The s t a t i s t i c a l  ana lyses  he lp  a f f i r m  t h e  judgment t h a t  

segrega t ion  does indeed occur i n  t h e  coursing of bituminous concrete  

mixes through a s t o r a g e  b in  system. The degree t o  which i t  occurs  i s  

dependent on t h e  type of mix, the  b i n  conf igura t ion  and the method 

of loading and unloading t h e  b in .  

B .  Temperature 

Figure 13 shows t h e  mixture  temperatures recorded on the surging 

and s t o r a g e  of a #5 mix i n  an i n s u l a t e d ,  heated b in .  For c l a r i t y  and 

quick r e f e r e n c e  t h e  Corresponding pug sample temperature has  been placed 

above the  b i n  discharge sample. The surge  b i n ,  F igure  13a showed a 15OF 

loss i n  temperature of t h e  f i r s t  material out  a f t e r  one hour r e t e n t i o n  

t i m e .  The l a s t  material out  w a s  6OF lower than the p r i o r  t ruckload but  

s l i g h t l y  h igher  than t h e  charged temperature. The average loss i n  

temperature between i n p u t  and d ischarge  was 6'F a f t e r  seven hours  

r e t e n t i o n  t i m e .  

The s t o r a g e  tes t  (13b) agaln  showed a loss of 15OF i n  t h e  f i r s t  material 

o u t  a f t e r  one hour. 

next  93 hour6. 

The temperatures remained q u i t e  uniform over  t h e  

The l a s t  15 t o n s  e x h i b i t e d  a g r a d i e n t ,  dropping 20.F 
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from 2 8 5 ° F  t o  2 6 5 ° F .  The average loss between inpu t  and discharge 

over t he  9 4  hour per iod was 16°F.  

Figure 1 4  shows two 112 mixes i n  b i n s  of the same r e c t a n g u l a r  config-  

u r a t i o n .  The b i n  i n  Figure 14a w a s  hea t ed ,  14b unheated. The heated 

unit had an average temperature loss of 16'F of inpu t  versus  d i scha rge  

over a seven hour per iod.  

t h e  same seven hour per iod.  

material o u t  of t hese  b i n s .  The hea ted  b i n  showed a temperature drop 

of 5 3 ° F  i n  t h e  l a s t  15 tons from 3 0 4 ° F  t o  2 5 1 ° F .  The unheated b in  

temperature dropped from 291°F t o  2 0 0 ° F  i n  t he  l as t  1 5  t ons  d e s p i t e  a 

2 4 "  h ighe r  ambient temperature ,  It m u s t  a l s o  be noted that t h e  f i rs t  

2 1  tons ou t  of the unheated b i n  e x h i b i t e d  a temperature g r a d i e n t  from 

2 4 2 ° F  a t  t h e  two ton l e v e l  t o  281°F at t h e  1 2  ton l e v e l  and 301°F a t  

t he  21 t on  l e v e l ,  

t h e  mix by t h e  coo l  s teel  cone. 

The unheated u n i t  s u s t a i n e d  a 5 ° F  loss i n  

Khat d i f f e r s  d rama t i ca l ly  i s  the  l a s t  

This undoubtedly was due t o  hea t  being drawn o u t  Of 

Figure 15 shows t h e  r e s u l t  of t h e  #I mix i n  a cone heated,  

i n s u l a t e d ,  round u n i t .  The average temperature  of t h e  pug s a m p l e s  

w a s  303OF ver sus  2 9 9 ° F  f o r  t h e  d i scha rge  samples. 

of material ou t  e x h i b i t e d  a 35" drop t o  260'F. T o t a l  r e t e n t i o n  t i m e  

was less than' 2-1/2 hours.  

The last f o u r  tons  

Figure 1 6  d e p i c t s  a run t h a t  w a s  made b a s i c a l l y  f o r  p e n e t r a t i o n  

values .  This  was a #1 mix s t o r e d  f o r  67 hours i n  a hea ted  b i n  having 

an i n e r t  atmosphere. 

w a s  1 4 ° F .  

( 2 8 5 ° F  - 2 5 2 ° F ) .  

placed i n  t h e  bin.  

The average temperature  l o s s  of  i npu t  over  d i scha rge  

The last  material ou t  showed a 33'F drop i n  t h e  l a s t  1 0  tons  

It m u s t  be noted t h a t  on ly  48 t ons  of mix had been 
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Figure  1 7  shows t h e  r e s u l t s  of  s u r g i n g  a l i l  mix f o r  s i x  hours  i n  

a h e a t e d ,  i n s u l a t e d  b i n .  The s a m p l e  of t h e  f i r s t  two t o n s  o u t  was 

21°F below t h e  1 2  ton  i n p u t  t empera tu re ;  t h e  1 2  ton  d i s c h a r g e  tempera ture  

be ing  12°F b e l o v  the  i n p u t  tempera ture  a f t e r  two hour s .  

t empera ture  loss on d i s c h a r g e  ove r  i n p u t  w a s  16°F.  The l a s t  9 t o n s  o u t  

dropped 14°F from 276°F t o  262°F. 

The ave rage  

F igure  18 d e p i c t s  a a1 mix s t o r e d  o v e r n i g h t  (hea ted ,  i n e r t  gas  

u n i t ) .  The r e t e n t i o n  t i m e  v a r i e d  from 15-112 t o  21-114 hour s .  The 

ave rage  t empera tu re  l o s s  between i n p u t  and d i s c h a r g e  w a s  21°F. The 

l a s t  9 tons  showed a 44°F tempera ture  loss  from 274°F t o  230°F. The 

l a s t  4 of t h e  9 t ons  dropped 5 ° F  from 235°F t o  230°F. The 21°F 

ave rage  t empera tu re  loss was h i g h e r  than  t h e  i'l mix t h a t  had been 

s t o r e d  f o r  t h r e e  times t h i s  r e t e n t i o n  t i m e  (F igu re  1 6 ) .  It i s  f e l t  

that t h e  r e s u l t s  a r e  h i g h l y  s i g n i f i c a n t  i n  as much a s  t h e  mix w a s  made 

d u r i n g  a tremendous docmpour of r a i n .  A f t e r  t h e  b i n  was f i l l e d  tile 

h a t c h  cover  cou ld  n o t  be  c l o s e d  f o r  a h a l f  hour  due t o  t h e  h igh  steam 

emiss ion  from t h e  b i n .  Tnis  relates t o  c i t a t i o n s  i n  t h e  l i t e r a t u r e  where 

w e t  a g g r e g a t e  caused drops  i n  tempera ture  up t o  55°F i n  a s i x  hour  pe r iod .  

C. P e n e t r a t i o n  

F igu re  19  shovs t h e  p e n e t r a i o n  v e r s u s  s t o r a g e  t i m e  d a t a  of a ii5 

mix w i t h  an 85/lOO AC b i n d e r  s t o r e d  i n  an i n e r t  g a s  a tmosphere for 

94 hours .  

ave rage  pene t r a t i -on  of t h e  recovered  pugmi l l  samples w a s  87. The 

p e n e t r a t i o n  of t h e  s t o r e d  material remained q u i t e  s t a b l e  o v e r  t h e  34 

hour  r e t e n t i o n  p e r i o d  w i t h  t!ie excep t ion  of the  l as t  material o u t .  

Th i s  m a t e r i a l  s!iowed a n i n e  p o i n t  dec rease  t o  a v a l u e  of (84. This  

Tine o r i g i n a l  p e n e t r a t i o n  of t h e  a s p h a l t  cement w a s  91. The 
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va lue  i s  b a s i c a l l y  what would be expected of an 85/100 p e n e t r a t i o n  

a s p h a l t  cement when recovered from a pavement co re  s h o r t l y  a f te r  

placement. Pavement co res ,  of m a t e r i a l  placed d i r e c t l y  from t h e  

pugmill  and a f t e r  96 hours of s t o r a g e ,  were taken 15  months a f t e r  

placement. The recovered p e n e t r a t i o n s  were v i r t u a l l y  t h e  same being 

4 5  and 46 r e s p e c t i v e l y .  

Figure 20a d e p i c t s  t h e  r e s u l t s  of a /I2 mix employing an 85/lOO 

p e n e t r a t i o n  a s p h a l t  cement ( o r i g i n a l  pen 96) i n  an a i r  atmosphere. 

The average recovered p e n e t r a t i o n  va lues  of t h e  pugmill  samples was 

84. A f t e r  two, f o u r  and seven hours r e t e n t i o n  t i m e  t h e  recovered 

p e n e t r a t i o n s  of t he  s t o r e d  m i x  was 8 2 ,  73 and 60 i n  given o rde r .  The 

l a s t  m a t e r i a l  out dropped an a d d i t i o n a l  8 p o i n t s  t o  a pen of 5 2 .  It 

i s  be l i eved  t h a t  t h e  l a r g e  loss i n  p e n e t r a t i o n  was due t o  t h e  f a c t  t h a t  

t h e  u n i t  has  no a i r  locks and cannot accommodate an i n e r t  gas  atmosphere. 

Figure 20b shows t h e  r e s u l t s  of a #2 mix wi th  an AC-20 a s p h a l t  

cement b inde r .  While t h e  c o n f i g u r a t i o n  of t h e  b i n  i s  the same as t h e  

p rev ious  u n i t ,  t h e  d i scha rge  i s  through a more p o s i t i v e  g a t e  arrangement 

with less a i r  exposure of t h e  mix. There is  v i r t u a l l y  no d i f f e r e n c e  i n  

t h e  average recovered p e n e t r a t i o n  of t h e  pug and bin samples. 

p e n e t r a t i o n  va lues  over  t h e  e n t i r e  seven hour r e t e n t i o n  pe r iod  were 

q u i t e  uniform with a s l i g h t  drop i n  t h e  l a s t  m a t e r i a l  o u t .  

from t h e  o r i g i n a l  a s p h a l t  p e n e t r a t i o n  was 1 6  p o i n t s .  

The 

The drop 

The 50 p e n e t r a t i o n  

v a l u e  of t h e  two hour b i n  sample appears  t o  be a real v a l u e  s i n c e  t h e  

corresponding pug v a l u e  was 5 4 .  

one h a l f  w a s  f rozen ,  the o t h e r  h a l f  was allowed t o  cool normally t o  

The pug Sample 9C was a s p l i t  sample ,  



54 

Wq 
80 
70 
60 

LL 

F 
F 

0 

Pug 

JBi" 
Z g  OO~~..O,.~O 

o@...o * %., 
C 

Last Mat'I Out 

Z 
0 

tll 
t- 
w z 
W a 

AIR-ATMOSPHERE #2 MIX (BINDER) 

looCOriginal AC (96) 85AOO 

TIME IN HOURS 

FIGURE 20A 

AIR-ATMOSPHERE#2 MIX 

2 4 6 7  401 

TIME IN HOURS 

FIGURE 206 



55 

ambient temperature.  Recovered penet ra t ions  of t h e  frozen and a i r  

cooled samples were 56 and 45 r e s p e c t i v e l y ,  A l abora tory  test was 

a l s o  performed t o  confirm t h e  d i f f e r e n c e  i n  loss of p e n e t r a t i o n  due 

t o  a i r  curing versus  rap id  c h i l l i n g  by dry ice. 

srnmnarized be1 ow : 

The r e s u l t s  are 

Pen@ Visc@ Visc@ Duct@ 
Sample A i r  Cured 77'F 140'F 275OF 60'F 

# 2  1 day 47 3071 582 96 
I/ 3 2 weeks 44 3462 582 125 

Frozen 

B 5 1 day 5 2  2604 
#4 2 weeks 68 2124 
I1 x2 weeks 68 2021 

0 r i g  i na l  
Asphalt --- 72 1760 

454 
35 1 
440 

372 

73 
15 0-k 
150+ 

150+ 

x under dry i c e  b lanket  

These i n s t a n c e s  and o t h e r s  i n d i c a t e  t h a t  d r y  ice Is e f f e c t i v e  i n  

s topping t h e  chemical and thermal r e a c t i o n s  and  allowing a t r u e r  

p i c t u r e  of t h e  phys ica l  p r o p e r t i e s  a t  a given t i m e .  

Figures  21 and 22 i n d i c a t e  an anomaly, t h a t  is, t h e  recovered 

p e n e t r a t i o n  of c e r t a i n  samples being h igher  than  t h e  p e n e t r a t i o n  of 

t h e  o r i g i n a l  a s p h a l t  cement. 

suspec t  except  t xat t h e  v i s c o s i t i e s  corresponded accordingly.  A thorough 

i n v e s t i g a t i o n  of t h i s  seemingly i n e x p l i c a b l e  behavior  brought t o  l i g h t  

The p e n e t r a t i o n  va lues  might have been 

a p r a c t i c e  t h a t  w a s  h e r e t o f o r e  unknown. A f t e r  a t anker  (asphal t  cement 

d e l i v e r y  t ruck)  is unloaded a t  a p l a n t ,  t h r e e  t o  f o u r  g a l l o n s  of f u e l  

o i l  a r e  a s p i r a t e d  through t h e  t r u c k  p m p  t o  c lean  t h e  pump and connecting 

hose. The n e t  r e s u l t  is t h a t  with a p o s i t i v e  displacement pump the  bulk 
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of t h e  f u e l  o i l  (except f o r  a l i t t l e  drainage)  is int roduced i n t o  

t h e  p l a n t  s t o r a g e  tank. The amount of f u e l  o i l ,  t h e  l o c a t i o n  of t he  

i n l e t  and o u t l e t  p o r t s  and t h e  l e v e l  of a s p h a l t  i n  t he  t ank  would a l l  

be f a c t o r s  i n  how t h e  a s p h a l t  cement would be a f f e c t e d .  A t  t h i s  

p a r t i c u l a r  p l a n t  t h e  i n l e t  and o u t l e t  p o r t s  were approximately t h r e e  

f e e t  a p a r t .  Since the  t ank  had been f i l l e d  p r i o r  t o  t h e  tes t ,  t h e  

f i r s t  a s p h a l t  out  of t h e  t a n k  would come from t h e  zone of  d i l u t i o n .  

Th i s  theory i s  supported by the  i n o r d i n a t e l y  h ighe r  recovered a s p h a l t  

p e n e t r a t i o n  (pugmill)  v a l u e s  as shown i n  Figure 21. It  should be 

noted t h a t  t h e  l o s s  i n  p e n e t r a t i o n  between the  pugmill  and b i n  sample 

i s  more d i r e c t l y  r e l a t e d  t o  t h e  p e n e t r a t i o n  of t h e  a s p h a l t  cement used 

i n  making the mix r a t h e r  t han  t i m e  i n  stcrege. This r e l a t i o n s h i p  was 

r e a d i l y  observed i n  F igu res  20a and  b. 

The next  tes t  a t  t h e  same p l a n t , . F i g u r e  22 ,  shows t h a t  t h e  h ighes t  

p e n e t r a t i o n  occurred a t  105 tons.  The f i e l d  n o t e s  show t h a t  a de l ive ry  

t r u c k  had s t a r t e d  t o  pump over  a l o a d  of a s p h a l t  cement somewhere a f t e r  

t h e  twe l f th  ton  of mix had been sampled; t h e  t ime  of d i sconnec t  however 

w a s  n o t  i n d i c a t e d .  The d i l u t e d  a s p h a l t  cement, as a r e s u l t  of the 

i n j e c t e d  f u e l  oil, was siphoned out i n  a s h o r t  p e r i o d  of t ime due t o  

t h e  c l o s e  proximity of the inlet  and o u t l e t  p o r t s .  It w a s  e s t ima ted  

that  t e n  t o  f i f t e e n  tons  of mix w a s  produced having as much as two t o  

t h r e e  percent  of f u e l  oil in t h e  a s p h a l t  cement. 

experiments i n d i c a t e d  that:a- t h r e e  p e r c e n t  a d d i t i o n  w a s  approximately 

c o r r e c t .  I n  s p i t e  of t h e  d i l u t i o n  t h e  f i r s t ,  second, f o u r t h  and f i f t h  

p o i n t s  (pugmill  curve)  are considered t o  be  t r u e  va lues .  

Subsequent l abora to ry  
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The l a s t  tes t  which was conducted a t  ano the r  p l a n t  a l s o  exh ib i t ed  

a d i s p a r i t y  i n  recovered p e n e t r a t i o n s  of the pugmill  samples .  Since 

the a s p h a l t  cement had been placed i n  the  s t o r a g e  tank p r i o r  t o  the 

test ,  i t  was impossible  t o  a s c e r t a i n  whether t h e r e  had  been an i n f u s i o n  

of f u e l  o i l  i n t o  the a s p h a l t  tank. A tank t r u c k  which d e l i v e r e d  a 

load of a s p h a l t  cement subsequent t o  the e v a l u a t i o n  tes t  had the  pump 

and hose purged with f o u r  ga l lons  of  f u e l  o i l .  Based on t h i s  

obse rva t ion  and the  e r r a t i c  p e n e t r a t i o n  r e s u l t s  i t  is s a f e l y  assumed 

t h a t  t he  p r i o r  t ruckload has  been t r e a t e d  i n  a. l i k e  manner. 

The p e n e t r a t i o n s  of t h e  recovered a s p h a l t  samples from both t h e  

pugmill  and t h e  s t o r a g e  b i n  were h ighe r  than t h e  o r i g i n a l  a s p h a l t  cement 

sampled from the  tank (67 pen). The v i s c o s i t i e s  were correspondingly 

lower with the  except ion of Sample 5B, t h e  l a s t  material ou t  of t he  

bin.  F igu re  23 shows a p l o t  of t h e  v i s c o s i t i e s  a t  140°F and 275°F ver sus  

t h e  p e n e t r a t i o n s .  A f r e e  hand curve was drawn for both p l o t s .  The 

tank sample  ( taken a t  t h e  tank sampling p o r t )  i n  both p l o t s  appeared 

suspec t  as n o t  being r e p r e s e n t a t i v e  of t he  a s p h a l t  cement used i n  the 

product ion of the mix, t he  d i l u t i o n  by f u e l  oil n o t  withstanding.  The 

a s p h a l t  cement producer w a s  ccn tac t ed  for i n fo rma t ion  regarding pene- 

t r a t i o n  and v i s c o s i t i e s  for the  p a r t i c u l a r  l o t  and t ank  number sham 

on the  d e l i v e r y  s l i p .  

h ighe r  ( s o f t e r )  than the  simple removed from the p l a n t  s t o r a g e  tank.  

When t h e  p e n e t r a t i o n  and t h e  v i s c o s i t i e s  va lues  ob ta ined  from t h e  

The p e n e t r a t i o n  value w a s  76 o r  n ine  units 

producer were p l o t t e d  they coincided more c l o s e l y  t o  t h e  f r e e  hand 

curve than t h e  sample removed from t h e  s t o r a g e  tank.  This  again 

i n d i c a t e s  t h a t  the tank sample was n o t  r e p r e s e n t a t i v e  (with or 
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wi thou t  d i l u t i o n  by f u e l  o i l )  o f  t h e  a s p h a l t  cement used i n  producing  

t h e  mix. 

Sample 9B r e p r e s e n t i n g  t h e  l a s t  m a t e r i a l  o u t  of t h e  b i n  is 

wide ly  d i s p l a c e d  from t h e  c u r v e s  o f  bo th  p l o t s .  This d isp lacement  i n  

a l l  p r o b a b i l i t y  i s  due t o  e x c e s s  ox ida t ion .  &,other o d d i t y  i s  t h a t  

pug s a m p l e  5P i s  of a lower p e n e t r a t i o n  va lue  than  t h a t  o f  t h e  s t o r e d  

sample.  As exp la ined  p r e v i o u s l y ,  s e g r e g a t i o n  was q u i t e  a p p a r e n t  i n  

t h i s  p a r t i c u l a r  b in .  The p o s s i b i l i t y  of funne l ing  o r  channe l ing  would 

a l l o w  some of  t h e  s o f t e r  p e n e t r a t i o n  m a t e r i a l  above t o  d i s c h a r g e  

d i s p r o p o r t i o n a t e l y  from t h e  way i t  was loaded .  

During t h e  course  of  t h i s  i n v e s t i g a t i o n  i t  w a s  observed  t h a t  t h e  

d i s t a n c e  between i n l e t ,  o u t l e t ,  sample p o r t  and r e t u r n  l i n e  v a r y  

c o n s i d e r a b l y  from t ank  t o  t ank .  The methods of  h e a t i n g  d i f f e r  

g r e a t l y  and t h e r e  are no p r o v i s i o n s  t o  i n s u r e  p o s i t i v e  b l e n d i n g  of t h e  

a s p h a l t  cement. Under t h e s e  c o n d i t i o n s  t h e r e  i s  no  gua ran tee  t h a t  t he  

t a n k  sample i s  t r u l y  a r e p r e s e n t a t i v e  sample. 

P r e s e n t l y  t h e  New J e r s e y  Department of  T r a n s p o r t a t i o n  h a s  no  

A t  t h e  o n s e t  o f  t h i s  limits on p e n e t r a t i o n  of r ecove red  a s p h a l t .  

i n v e s t i g a t i o r .  i t  was proposed that such a l i m i t  be  imposed. The 

c o l l e c t e d  d a t .  showed not  o n l y  w a s  t h i s  necessa ry  b u t  demonst ra ted  t h a t  

a 55 p e n e t r a t i o n  be  e o t a b l i s h e d  as t h e  lower l imi t  f o r  mixes coursed  

through a s u r g e  o r  s t o r a g e  b i n .  

t h e  b i tuminous  c o n c r e t e  p roduce r  s i n c e  h e  merely h a n d l e s  a bi tumen 

approved by t h e  Department. 

Th i s  however cou ld  u n j u s t l y  p e n a l i z e  
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With t h e  adopt ion  of v i s c o s i t y  graded a s p h a l t  cements came 

a c c e p t a n c e  of lower minimum p e n e t r a t i o n  v a l u e s .  The f i r s t  l o t s  

of g rade  AC-20 produced had p e n e t r a t i o n  v a l u e s  ranging  from t h e  

mid s e v e n t i e s  t o  t h e  h igh  e i g h t i e s  and w a s  n o t  t oo  u n l i k e  t h e  

SS/lOO p e n e t r a t i o n  grade  used i n  t h e  p a s t .  Over t h e  p a s t  two 

y e a r s  t h e r e  had been a g e n e r a l  downward t r e n d  toward t h e  lower 

limit of 60 as s e t  f o r t h  i n  t h e  s p e c i f i c a t i o n  requi rements .  S ince  

t h e  h a r d e s t  a s p h a l t  p o s s i b l e  w i t h i n  s p e c i f i c a t i o n  f o r  an XC-20 

g r a d e  has not been tes ted,  a v a l u e  lower t h a n  55 may be  mandated 

a c c e p t a b l e .  I n  o r d e r  t o  p r e v e n t  s u b j e c t i n g  t h e  bi tuminous c o n c r e t e  

p roduce r  t o  t h e  aforementioned u n j u s t  p e n a l i z a t i o n ,  t h e  p e n e t r a t i o n  

v a l u e  of t h e  s t o r e d  m a t e r i a l  m u s t ,  of n e c e s s i t y ,  be re la ted  t o  

t h e  p e n e t r a t i o n  o f  t h e  a s p h a l t  cement used i n  making t h e  mix. 

T h e r e f o r e  a v a l u e  

p e n e t r a t i o n  v a l u e s  of t h e  pugmi l l  samples  w i l l  b e  used t e n t a t i v e l y  

15  p e r c e n t  below t h e  ave rage  of t h e  recovered  

as t h e  l i m i t i n g  c r i t e r i o n  f o r  de t e rmin ing  t h e  r e t e n t i o n  t i m e .  

D. Marsha l l  S t a b i l i t y  

The d a t a  gene ra t ed  du r ing  t h e  i n v e s t i g a t i o n  w i t h  r e s p e c t  

t o  mix tu re  s t a b i l i t y  was less t h a n  was planned .  The tests t h a t  

had  been  des igned  s p e c i f i c a l l y  for p e n e t r a t i o n s  and Marsha l l  

s t a b i l i t i e s  went awry w i t h  t h e  i n t r o d u c t i o n  of t h e  d i l u t e d  a s p h a l t  

cements. 

which s u g g e s t  f u r t h e r  s tudy .  

The in fo rma t ion  ga the red  does i n d i c a t e  i n t e r e s t i n g  phenomena 
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The tests conducted i n  1971 w i t h  t h e  85/lOO p e n e t r a t i o n  a s p h a l t  

showed no d i f f e r e n c e  i n  s t a b i l i t y  between mix t aken  d i r e c t l y  from t h e  

pugmi l l  and mix su rged  up t o  six hours .  

n ine ty - fou r  hours, a 500 pound i n c r e a s e  i n  s t a b i l i t y  was noted .  

I n  t h e  case of mix s t o r e d  f o r  

A l l  

t h e  tests i n  1972 were conducted w i t h  AC-20 v i s c o s i t y  graded a s p h a l t .  

Marsha l l  p lugs  of  a t 2  mix were water quenched, f r o z e n  and a i r  cu red  

(normal prodedure  used by Department i n s p e c t o r s )  w i t h  t h e  fo l lowing  

r e s u l t s .  

BIN - PUG 

S t a b i l i t y  Flow R e t ,  Time S t a b i l i t y  Flow 

- 

Frozen 37 2 1 5  Frozen 2 hour s  350 19 

Water Quench 1344 10  Frozen 4 h o u r s  1070 13 

Air Cured 2480 10  Frozen* 6 hour s  10 80 13 

* i n a d v e r t e n t l y  f r o z e n  

Frozen and a i r  c u r s d  Marsha l l  p lugs  of  a 81 m i x  from bo th  t h e  

pugmi l l  and s t o r a g e  samples  y i e l d e d  t h e  fo l lowing :  

PUG - BIN - 
S t a b i l i t y  Flow R e t .  Time S t a b i l i t y  Flow 

Frozen 532 22 Frozen 15-20 1362 15 

A i r  Cured 2007 17 Air Cured 15 39 1 6  
hours 

Labora tory  R e s u l t s  of #5 mix @ 345'F 

Pen@ Pen@ Vise@ Vise@ Duct@ 
S t a b i l i t y  Flow 77°F 60'F 140°F 275'F 60°F 

Frozen 1180 1 7  57 12 2665 536 85 

Air Cured 3230 1 2  48 1 2  3177 577 49 
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S e v e r a l  i n t e r e s t i n g  f a i t s  were brought  o u t  i n  t h i s  s e r i e s  of 

tes ts .  

1. Rapid c h i l l i n g  w i t h  d ry  i ce  r educes  t h e  s t a b i l i t y  t remendously.  

2 .  The p r a c t i c e  of wa te r  quenching ( a s  sometimes p r a c t i c e d  i n  

t h e  f i e l d )  has a s i m i l a r  e f f e c t  as t h a t  of t h e  d ry  i c e  b u t  t o  a lesser 

degree .  

3. S t o r a g e  over  two hour s  causes  a n  i n c r e a s e  i n  t h e  s t a b i l i t y  

of  q u i c k l y  c h i l l e d  specimens ( b i n  v e r s u s  pugmi l l ) .  

4. S t o r e d  m a t e r i a l  when made i n t o  Marsha l l  p lugs  and cured  in t h e  

normal manner h a s  a s t a b i l i t y  t h a t  i s  h i g h e r  t h a n  i t s  r a p i d l y  c h i l l e d  

c o u n t e r p a r t  b u t  l o v e r  t han  p lugs  made d i r e c t l y  from t h e  pugmi l l .  

The h i g h e r  t h e  mix t empera ture ,  t h e  h i g h e r  t h e  s t a b i l i t y  and 5 .  

t h e  lower t h e  p e n e t r a t i o n ,  

E. Bitumen Content  

The bitumen c o n t e n t  of  t h e  s u r g e  and s t o r a g e  b i n  samples had 

approximate ly  t h e  same degree  of v a r i a t i o n  as t h e  pugmi l l  samples excep t  

where s e g r e g a t i o n  had t aken  p l a c e .  A s t a n d a r d  d e v i a t i o n  of  0.35 o r  less 

is c o n s i d e r e d  good c o n t r o l  f o r  b i n d e r  ( 1 2 )  and b a s e  c o a r s e  (#I) mixes;  

0.30 o r  less f o r  a s u r f a c e  (85) c o a r s e  mix. 

The maximum z t a n d a r d  d e v i a t i o n  f o r  t h e  f i n e  a g g r e g a t e  115 mixes 

w a s  0.230 f o r  b i n  samples  and 0.130 f o r  t h e  pugmi l l  samples ,  0.304 and 

0.348 f o r  t h e  # 2  b i n d e r  mixes, and 0.30 and 0.26 f o r  t h e  #1 b a s e  c o a r s e  

mixes. 
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VI. CONCLUSIONS 

A .  Segrega t ion  

The r e s u l t s  of  t h i s  i n v e s t i g a t i o n  i n d i c a t e  t h a t  s eg rega t ion  of 

ho t  bituminous conc re t e  n i x e s  does occur when processed  through a 

su rge  o r  s t o r a g e  b in .  The degree  of s eg rega t ion  can be  dependent 

on one or more f a c t o r s .  The f a c t o r s  i n f luenc ing  seg rega t ion  are b i n  

c o n f i g u r a t i o n ,  t h e  manner i n  which t h e  b i n  i s  charged, t he  way t h e  bin 

i s  unloaded and t h e  type  of mix. I n  a l l  cases s e g r e g a t i o n  took p l a c e  

w i t h i n  t h e  l a s t  twenty tons  o u t  of t h e  b in .  The degree of s e g r e g a t i o n  

ranged from a d e f i n i t i v e  change i n  g rada t ion  to  o u t  of s p e c i f i c a t i o n  

material. 

b i n  c h a r a c t e r i s  t ics  a r e  : 

The conclus ions  based on observed performance of s p e c i f i c  

1. A b i n  of a round conf igu ra t ion  wi th  c e n t r a l  p o i n t  charg ing  

and a seventy  degree (70') t ape red  c2ne will produce an accep tab le  

p roduc t  of bo th  f i n e  and coarse  mixes. 

(111) mix occurred  w i t h i n  t h e  l a s t  f i v e  tons .  

Plinor s e g r e g a t i o n  of a c o a r s e  

2.  A b i n  of a round conf igu ra t ion  wi th  d u a l  mass dump charg ing  

hoppers and a s i x t y  degree (60') t ape red  cone caused seg rega t ion  i n  

t h e  las t  twelve and h a l f  t ons  of a coarse (#I) mix. 

3. A r e c t a n g u l a r  b i n  wi th  i n t e r n a l  s p l i t t e r s  and multi-hopper 

d i scha rge  caused seg rega t ion  t o  occur wi th in  t h e  l a s t  s i x t e e n  t o n s  of 

c o a r s e  ( I 2 )  mix. 

4. A s i m i l a r  r e c t a n g u l a r  u n i t  employing a v i b r a t o r y  d i scha rge  

a c t u a t o r  caused t h e  most s eve re  seg rega t ion  of #2 mix. The l a s t  

e l even  and a h a l f  t ons  being o u t  of s p e c i f i c a t i o n .  
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B. Temperature 

The gene ra l  e f f e c t  of a s t o r a g e  b i n  on temperature i s  t o  moderate 

e r ra t ic  mix temperatures  as de l ive red  from t h e  pugmil l .  A f t e r  about 

f o u r  hours,  t h e  temperature of t he  mix becomes q u i t e  uniform a t  a l e v e l  

t e n  t o  f i f t e e n  degrees  below the  average of t h e  mix from t h e  pugmill .  

The f i r s t  m a t e r i a l  in and the  l as t  m a t e r i a l  out can have unacceptable 

temperature l o s s e s .  Heat loss is a func t ion  of t i m e ,  ambient temperature,  

moisture  content  of t h e  aggregate ,  and the  degree of supplemental  

hea t ing .  S p e c i f i c  conclusions r e l a t i v e  t o  maintenance of adequate 

temperature a r e ;  

1. An i n s u l a t e d ,  t o t a l l y  heated b i n  can s t o r e  a 115 mix up t o  94  

hours and d e l i v e r  a n  accep tab le  product except  f o r  t h e  i a s t  few tons.  

An i n s u l a t e d ,  hea t ed  b i n  can s t o r e  a 1'15 mix f o r  seven hours and d e l i v e r  

a t o t a l l y  accep tab le  product.  

An i n s u l a t e d ,  t o t a l l y  heated b in  can s t o r e  a 81 mix up t o  2 .  

sixty-seven hours and d e l i v e r  an accep tab le  product  except  f o r  t h e  

l a s t  s i x  tons.  

3 .  An i n s u l a t e d ,  p a r t i a l l y  heated bin will s t o r e  a 82 m i x  up t o  

seven hours  and d e l i v e r  an acceptable  product  except  f o r  t h e  last  f o u r  

tons  out .  

4 .  A cone hea ted ,  i n s u l a t e d  b in  can s t o r e  a El mix up t o  two and 

a h a l f  hours and d e l i v e r  an acceptable  product  except  f o r  tne l a s t  

f o u r  tons.  

5. An unheated, i n s u l a t e d  b in  can s t o r e  a 1'12 mix up t o  seven hours 

and d e l i v e r  an a c c e p t a b l e  product except  f o r  t h e  f i r s t  and l a s t  e i g n t  tons.  



C. Pene t r a t ion  

Loss i n  p e n e t r a t i o n  is a func t ion  of t i m e ,  t y p e  of a s p h a l t  and 

b i n  atmosphere, 

t h e  b in  i n  every case  e x h i b i t e d  a f u r t h e r  loss i n  p e n e t r a t i o n  per  

Aside from t h e s e  parameters, t h e  l a s t  material out  of 

given t i m e  i n t e r v a l .  Since p re s su re  v a r i e s  in proport ion t o  the  v e r t i c a l  

d i s t a n c e  t o  t h e  s u r f a c e ,  i t  is hypothesized t h a t  t h e  loss of v o l a t i l e s  

is g r e a t e r  a t  o r  c l o s e  t o  t h e  s u r f a c e  and t h a t  t h e  loss of v o l a t i l e s  

is r e spons ib l e  f o r  t h e  e x t r a  loss i n  pene t r a t ion .  I t  i s  important t o  

n o t e  t h i s  occurrence s i n c e  t h e  la te r  a d d i t i o n  of more mix t o  t h e  b i n ,  

as would occur i n  normal ope ra t ion ,  could al low f o r  t he  acceptance of  

less than d e s i r a b l e  material. 

Although the  Department of Transportat ion no longer  has  an i n t e r e s t  

i n  p e n e t r a t i o n  g r a d e  a s p h a l t s ,  i t  is f e l t  t h a t  t he  r e s u l t s  should be 

recorded f o r  h i s t o r i c a l  and comparative purposes.  Based on t h e  r e s u l t s  

of t h e  sampling conducted during t h i s  s tudy ,  i t  is concluded t h a t :  

A US mix made with an SS/lOO p e n e t r a t i o n  grade a s p h a l t  can 1. 

be s t o r e d  f o r  as long as seven hours i n  a b i n  wi th  an a i r  atmosphere 

and produce an acceptabLe product.  

air  locks and i n e r t  gas  atmosphere will provide a product  o f  accep tab le  

p e n e t r a t i o n  f o r  any interval up t o  ninety-four  hours  of s t o r a g e .  

That #I a d  # 2  mixes mnde with an AC-20 v i s c o s i t y  graded 

a s p h a l t  may be  s t o r e d  f o r  sev& hours i n  a b i n  having an a i r  atmosphere 

A l i k e  mix s t o r e d  i n  a b i n  with 

2. 

and d e l i v e r  a product of accep tab le  pene t r a t ion .  

3. That coa r se  mixes (el and 1/21 can be s t o r e d  i n  a b i n  with a i r  

locks and an i n e r t  gas atmosphere up t o  sixty-seven hours and d e l i v e r  

a product of accep tab le  p e n e t r a t i o n .  



C. Bitumen Content 

1. There i s  no m i g r a t i o n  of a s p h a l t  cement i n  t h e  s u r g i n g  or 

s t o r i n g  of f i n e  o r  c o a r s e  b i tuminous  conc re t e  mixes when produced 

a t  tempera tures  up t o  320'F. 

2 .  The bitumen c o n t e n t  o f  samples from t h e  b i n  showed no 

more v a r i a t i o n  than  from t h e  pugmi l l  excep t  where s e g r e g a t i o n  tokeo 

p l a c e .  

E.  Re la t ing  t o  t h e  S p e c i f i c  A i m s  of t h e  P r o j e c t  

The r e s u l t s  of t h i s  i n v e s t i g a t i o n  prove c o n c l u s i v e l y  t h a t  wi th  

c e r t a i n  l i m i t s ,  h o t  b i tuminous  c o n c r e t e  n i x e s  p rocessed  through surge  

o r  s t o r a g e  b i n s ,  can be approved f o r  use on S t a t e  sponsored  p r o j e c t s .  

1. Tne procedure  deve loped  ( see  Appendix A) w i l l  a l l o w  t h e  

Bureau of I n s p e c t i o n  P l a n t  and P r o j e c t  t o  e v a l u a t e  f i e l d  i n s t a l l a t i o n s  

of su rge  and /o r  s t o r a g e  b i n s  and d e f i n e  t h e  s p e c i f i c  usage l i m i t s .  

2 .  The problems of mix tu re  s e g r e g a t i o n ,  loss i n  t empera tu re ,  

and loss i n  p e n e t r a t i o n  are i n d e e d  real  and by t h e  implementa t ion  of  

e f f e c t i v e  l i m i t s ,  t h e  a c c e p t a n c e  of less than  d e s i r a b l e  material w i l l  

be prevented .  

3 .  A g e n e r a l  t e n t a t i v e  s p e c i f i c a t i o n  can be wr i t ten  fo r  t h i s  

coming paving season  t o  a s s u r e  a q u a l i t y  of mix e q u a l  t o  t h a t  d e l i v e r e d  

from t h e  pugmil l .  

A .  Immediate 

1. Every s u r g e  o r  s t o r a g e  b i n  must be  e v a l u a t e d  and t h e  s p e c i f i c  

c o n d i t i o n s  a n d l c r  l i m i t a t i o n s  be  d e f i n e d  b e f o r e  any  b i tuminous  conc re t e  
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mix i s  accepted f o r  a s t a t e  sponsored job .  

followed i s  o u t l i n e d  i n  Appendix A. 

The eva lua t ion  t o  be 

2 .  Inform those  producer6 t h a t  a r e  c u r r e n t l y  ope ra t ing  on 

temporary approval  (some which have been ope ra t ing  for as long as 

two yea r s )  t h a t  t h i s  approval  i s  withdrawn. 

3 .  A minimum p e n e t r a t i o n  value be e s t a b l i s h e d  from the  average 

p e n e t r a t i o n s  of t h e  recovered pugmill samples. This va lue  w i l l  be 

the determinant for t h e  approval  of r e t e n t i o n  time regarding hardening 

of t h e  a s p h a l t  cement. 

4 .  The eva lua t ion  of b i n s  should be a j o i n t  i n v e s t i g a t i o n  by 

t h e  Bureau of Inspec t ion  P l a n t  and P r o j e c t  and t h e  Bureau of S t r u c t u r e s ,  

Naterials and A p p l i e d  Nechanics Research for a pe r iod  of one yea r .  

During t h i s  per iod a d d i t i o n a l  information on a s p h a l t  cements from 

o t h e r  producers as w e l l  as t h e  e f f e c t s  of l oad ing  p a r t i a l l y  f i l l e d  b i n s  

will be s t u d i e d .  Research personnel  time i s  estimated t o  be  two man 

Don t h s  . 
5 .  The p r a c t i c e  of u s ing  f u e l  o i l  t o  purge t h e  t r a n s f e r  pump and 

connecting hose t o  t h e  a s p h a l t  tank must be d i scon t inued  o r  p rov i s ions  

made t o  c o l l e c t  t h e  d i l u e n t  i n  a s e p a r a t e  con ta ine r .  

6 .  An a s p h a l t  cement sampling p o r t  should be placed i n  t h e  

supply l i n e  as c l o s e  t o  t h e  weigh box as p r a c t i c a l .  

B. Long Range 

Vi scos i ty  grading i s  a complete break from the many year8 of 

accumulated experience and service l i f e  of bituminous Davements 

r e l a t e d  to  p e n e t r a t i o n  grade ;$sphalts.  General ly  speaking the AC-20 
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v i s c o s i t y  graded a s p h a l t  i s  h a r d e r  t h a n  t h e  8 5 I l 0 0  p e n e t r a t i o n  grade.  

There  is n o t h i n g  t o  s u g g e s t  t h a t  a h a r d e r  a s p h a l t  means a r e d u c t i o n  i n  

q u a l i t y  however i f  a r a d i c a l  d e p a r t u r e  i n  t empera tu re  s u s c e p t i b i l i t y  

o c c u r s  t h e  problem of c r a c k i n g  due t o  b r i t t l e n e s s  nay b e  of f u t u r e  

conce rn .  

Due t o  t h e  i n h e r e n t  d i f f e r e n c e s  between t h e  65IlOO p e n e t r a t i o n  

g r a d e  and t h e  v i s c o s i t y  g raded  a s p h a l t  cements ,  i t  i s  s u g g e s t e d  t h a t  

a c o n t r o l  program bc e s t a b l i s h e d  t o  mon i to r  pavement s e c t i o n s  w i t h  

mixes from t h e  b i n  e v a l u a t i o n s .  Th i s  vou ld  permi t  a comple t e  h i s t o r i c a l  

background shou ld  any f u t u r e  a d v e r s i t y  p r e s e n t  i t s e l f .  
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APPENDIX A 

Evaluation Procedure 

A. General Criteria 

Two sets  of plans for the surge or  storage system will be 

required before the evaluation i s  conducted. One s e t  will be kept 

on f i l e  a t  t he  Bureau o f  Inspection headquarters, the other will be 

kept on f i l e  a t  the regional Material headquarters off ice .  Prior to 

a n  evaluation an inspection o f  the instal la t ion will  be made to check 

f o r  p l a n  conformity. 

through maintenance or modification must be reported t o  the Bureau 

o f  Inspection. 

from the approved plans a new evaluation snsuld be rrade. 

Any future  changes from the approved system 

I f  a review of  these changes show a radical departure 

1 .  Retention Time 

The retention time f o r  the evaluation will be the maximum 

storage time proposed by the producer. 

a )  The term surge u i l l  be construed to  mean a retention 

time (normally) o f  one t o  seven hours or limited t o  

same day use. 

The term storage will be applied to holding a mix 

over n i g h t  o r  any interval thereafter.  

b )  

2. Sampling 

Samples will be taken from both the pugmill and t h e  

b i n .  These samples are  t o  be coincident on a weigrit basis. Since 
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the pugmill size and the truck payload will vary from plant t o  plant, 

a pre-planned schedule will be necessary i n  order to achieve coincident 

sampling. For an evaluation a b i n  shall be f i l l e d  to not less  t h a n  

ninety percent of capacity and the mixture shall conform to  a l l  tile 

requirements o f  t h e  job mix  formula for  the particular mix  to be 

tested. 

3 .  Recording o f  Data 

An onsite record will be kept for  each evaluation, as 

per the sample attached t o  the procedure. 

B.  Specific Requirements 

1 .  14umber of Samples 

a )  Nine samples will be bken representing the 

production from the pugmi 11 . 
I n  sampling the mix as dischargEd from t h e  bin i t  

will be necessary t o  t a k e  samples coincident with the 

pugmill samples plus one additional sample for a total  

o f  ten samples. The additional sample will be taken 

by sampling the l a s t  truck twice; once a t  approximately 

the mid point of t h e  payload and then again from the 

l a s t  material out.  

b )  

2. Method o f  Sampling 

a )  The pugmill samples will be taken from the s k i p  

hoist  bucket or receiving hopper (depending on the 

system) i n  a manner t o  assure a representative sample. 

Whenever possible follow the manner as described below 

for the b i n  samples . 
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b )  The bin samples will be obtained i n  the following 

manner. From the predetermined conical pi le  of mixture 

w i t h i n  the truck, two furrows 180' from each other 

will be dug three to s ix  inches i n  depth extending 

from the t o p  t o  the periphery of the pi le .  

furrows will follow the slope of the pi le  and be 

formed as near i t s  center as possible. 

of approximately equal volume of material will be 

dug from each furrow representing, the top, middle 

The 

A scoop 

and bottom third of the pi le  and  placed in a bucket 

t o  forrii one sample. 

sample shall be a minimum of 20 pounds. 

The u n i t  volume weight of tne 

c )  A dial type asphalt thermometer (calibrated against 

a mercury thermometer in a h o t  o i l  b a t h )  shall be 

inserted in the center o f  the composited sample and  

the temperature recorded. 

After recording the temperature, the sample will be 

dumped onto a 30 inch square melamine laminate faced 

plywood base, 

prepared from the sample i n  the following manner. 

The heaped material w i l l  be quartered by a trowel 

and pushed t o  e f fec t  quadrants spaced 1 t o  2 inches 

apart .  Each quadrant will be halved by trowel and 

the mix from the ls t ,  3rd, 5th and 7 t h  segments 

cas t  i n t o  one mold. The mix from the remaining 

d )  

Two 8 x 8 x 2 inch specimens will be 
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2 n d ,  4 t h .  6th and 8 t h  segments will be cast  into the 

second mold. The mix will be flattened and a metal 

rim tag bearing the identification code "pinned" t o  

each sample w i t h  a 4d box n a i l .  

code will consist  of the location (pug or  b i n )  followed 

An identification 

by a number and l e t t e r  A or B.  The number will signify 

the sampling sequence; the l e t t e r  A for  extraction, the 

l e t t e r  B for  recovery. 

cooled by dry ice (solid C02). 

Only the B samples will be rapidly 

3. Cooling and Storage 

a )  Rapid cooling will be accomplished as follows: a slab 

of dry ice (approximately 9"  x 9" x 1")  will be placed 

on a 10 x 10 x 1/4 inch piece of olywood, the mold i s  

placed on the dry ice ,  the mix cast i n  as described in 

Paragraph 2d above and a second slab of dry ice  placed 

- on the sample. 

dry ice is taken off and the strap iron mold removed. 

The sample and lower s l ab  of dry ice i s  then placed 

i n  the Styrofoam insulated chest for  t ransfer  t o  

the laboratory freezer. 

b )  The frozen samp)es must be stored i n  the freezer a t  

zero * 10°F u n t i l  scheduled for  recovery. 

After 4 t o  5 minutes the top slab of 
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4. Sainpl i n g  Sc h e d u l  e 

Since the f i r s t  and l a s t  t ruckloads of  mix removed from 

a surge or s torage b i n  a r e  susceptible t o  segregat ion,  l o s s  of 

temperature, and l o s s  i n  penetrat ion;  jud ic ious  sampl ing of these two 

loads i s  made mandatory. 

tons 4-6, 8-10 and 20-22. These values  a r e  given i n  ranges t o  

accommodate a schedule f o r  2 ,  2-1/2, 3 ,  4 o r  5 ton pugmills a n d  truck 

c a p a c i t i e s  of 20 t o  22 tons ,  The bulk of the  mix wi l l  be sampled i n  

increments of 23-22 o r  40-44 tons depending on b i n  capac i ty .  

ton increments \dil l  apply only t o  mid-range sampling, t h a t  i s  between 

the f i r s t  and l a s t  t w o  t ruckloads.  The l a s t  t ruckload should be 

sampled twice,  a t  approxi ra te ly  the midpoint and the l a s t  material  o u t ,  

The f i r s t  t ruckload should be sampled a t  

The 40-44 

In evaluat ing long term s torage  one t o  two truckloads w i l l  

be discharged per day d e p e n d i n g  on the r e t e n t i o n  time proposed by the 

producer and the capac i ty  of t h e  b i n .  

The following examples i n d i c a t e  d e s i r a b l e  sampling schedules 

f o r  a th ree  ton p u g m i l l  supplying bins of 150 and 200 ton capac i ty .  

150 Ton B i n  (Surge) 

Sample # 1 2 3 4 5 G 7 8 9 10 

Pugmill 6 9 21 42 63 84 105 126 NONE 147 l a s t  i n  
B i n  6 9 21 42 63 84 105 126 

spl i t  load 
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200 Ton B i n  (Surge) 

Sample # 1 2 3 4 5 C 7 E 9 10 

Pugmill 6 9 21 42 84 126 147 168 NONE 189 l a s t  i n  
Bin 6 9 21 42  84 126 147 168 178 189 l a s t  out - 

s p l i t  load 

150 Ton B i n  (Storaqe f o r  96 Hours) 

- Sample 8 1 2 3 4 5 6 7 8 9 10 

Pugmill G 9 21 42  63 84 105 126 NONE 147 l a s t  in 
B i n  6 9 21 42 63 84 105 126 136 147 l a s t  out - - \  s p l i t  load 
Re ten t i  on  
time i n  
hours 24 hours 48 72 96 

All the "A" samples from b o t h  the pugmill and the bin 

will be tested for  composition (gradation). The "B" samples for 

recovery will be tested in an  order of priority as  follows. 

sample numbers 3, 6 ,  7 a n d  10 and b i n  samples 10, 9 ,  8, 6 ,  3, and 1 

Pggmill 

will be tested i n  the given order. The balance of samples will be 

retained i n  the freezer pending review of the resul ts .  

resul ts  appear reasonable and indicate t h a t  a valid evaluation can 

be made the retained samples may be discarded. 

If the recovery 

C. Cautionary Comnents 

In establishing the permissible retention time through a 

monitoring of temperature particular attention must be paid t o  the 

f i r s t  a n d  l a s t  truckloads of mix out of the bin. 

unacceptable material can vary w i t h  time, ambient temperature and  the 

The tonnage o f  
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extent o f  supplemental heating. idomally the l a s t  th i r ty  tons of 

material exhibit a thermal gradient w i t h  the l a s t  material o u t  having 

the lowest temperature. 

due t o  rat-holing or funneling i t  is possible for the l a s t  material 

I n  cases where extreme segregation occurs 

o u t  t o  be hotter t h a n  one or two prior samples. 

Ilost bituminous concrete producers request a n  evaluation 

s ta r t ing  w i t h  overnite storage. 

loss in par t ia l ly  heated bins will notspermit acceptance of  the whole 

charge i n  the bin. I n  unheated or  cone heated insulated bins, the 

Experience has shown t h a t  the neat 

temperature of the f i r s t  and l a s t  few tons can be suspect a f t e r  as 

l i t t l e  a s  two hours of retention t ine.  

I n  arranging a schedule for  an evaluation o f  the par t ia l ly  

heated bins inform the producer o f  the possibibili ty of non-acceptance 

of perhaps the f i r s t  f ive a n d  l a s t  twenty tons of material t o  be 

discharged. 

i s  demanded then an abbreviated temperature evaluation should be made 

If these conditions are deemed unacceptable a n d  a t e s t  

t o  prevent repeti t ion o f  the t3tal  testing procedure. A suggested 

mini-evaluation would be t o  check the temperature of the f i r s t  and 

l a s t  t h i r t y  tons ( i n  ten ton increments) of the mixture produced, 

a t  the pugmil l  location and when discharged from the b i n .  Take a 

sample from the l a s t  material o u t  and have i t  checked f o r  penetration. 

If the minimum temperature requirements cannot be met then arrange f o r  

a f u l l  evaluation a t  a lesser  retention time o r  f o r  surge use. 
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I t  should be pointed out to  the producer t h a t  i t  i s  i n  his 

own in te res t  t o  produce the mix a t  as close t o  the inaximum temperature 

as permitted ( for  the particular asphalt  cement) since the approved 

retention time in the main will be dependent on the temperature of the 

discharged material. 

re- tes t  should the b i n  be approved f o r  a minimal retention time. 

T h i s  would discourage any argument concerning a 

For overnight storage a seal should be placed on the loading 

hatch to  prevent the addition o f  fresh h o t  mix during the evaluator 's  

absence. 

D. Guide for Bin Acceptance and  Usage 

1 .  Criteria 

The c r i te r ia  of temperature, segregation a n d  loss  in 

penetration may ac t  synergistically o r  as individual cr i ter ion.  

For example i t  can be argued t h a t  the low temperature of  t h e  top 

material MY be brought u p  t o  a n  acceptable temperature t h r o u g h  the 

addition of fresh mix. 

the loss i n  penetration i s  n o t  excessive. 

true f o r  a 2-3  h o u r  retention time, In the case o f  24 hours of 

retention time, the uppermost material could probably again be brought 

t o  an acceptable temperature by the addition of fresh mix. However 

i t  i s  doubtful i n  th is  instance t h a t  the reheated mix would have an 

This argument can be considered valid providing 

This could be especially 

acceptable penetration if stored i n  an air  atmosphere. 

date indicates that successful overnight stgrage requires an i n e r t  

gas atmosphere. 

Experience to  

Should a mix meet the requirements of temperature and  

penetration, i t  must s t i l l  withstand the t e s t  for  segregation. If 
'\ 
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segregation I s  pronounced i n  the l a t t e r  tonnage discharged, a dual 

suggestion I s  offered: 

segmgation ( fo r  the p a r t i c u l a r  mix) takes place and l i m i t  acceptance of 

mater ia l  t o  t ha t  l eve l .  Recharging o f  the b i n  above t h a t  l eve l  w i l l  be 

permit ted i n  a continuous surging operation. However, when the b i n  i s  

t o  be emptied, t h a t  mater ia l  below the predetermined l e v e l  w i l l  no t  be 

accepted. The second step i s  t o  requi re  i n s t a l l a t i o n  o f  a b i n  l eve l  

i nd i ca to r  a t  the c r i t i c a l  b i n  l eve l  w i th  an adequate warning device such 

as a l i g h t  o r  buzzer relayed t o  the f i e l d  inspector 's  o f f ice.  

The f i r s t  step i s  t o  ascer ta in  the l eve l  a t  which 

2. L imi ts  

a) Temperature 
+ The m i x  w i l l  be produced w i t h i n  - 20°F o f  the speci f ied 

temperature f o r  the p a r t i c u l a r  v i scos i t y  grade asphalt 

cement being used. 

For determining re ten t i on  time and mix acceptab i l i t y ,  the 

temperature o f  the mixture as discharged from the b i n  sha l l  

be not  more than 20°F below the average o f  the pugmill 

samples . 
b) Penetration 

For mix acceptance, the penetrat ion o f  the recovered asphal t  

o f  the b i n  samples sha l l  be n o t  less  than 15 percent below 

the average o f  the  pugmil l  samples; p rov id ing  the penetrat ion 

range of the pugmil l  samples does no t  exceed 10 uni ts* .  

*If the 10 u n i t  range i s  exceeded there i s  the l i k e l i h o o d  o f  non-uniformity 
of the asphalt cement and the evaluat ion f r o m  the standpoint o f  penetrat ion 
nn~s t be consi dered i nconcl us i  ve . 
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From the pugmil l  and b i n  penetration values the evaluator W f l l  

determine e i ther  the retention time for  acceptance of 

the whole mix or  the proportional amount of tonnage not 

acceptable for  tha t  retention time, temperature not 

w i  ths t a n d i  ng  . 
c)  Segregation 

The gradation (sieve analysls) of a l l  the b i n  

sarnpl es must be w i t h i n  reasonable confomi t y  w i t h  

the average gradation o f  the pugrni 11 samples. When 

very noticeable differences are observed i n  the 

sieve analysis of the l a s t  two or three samples from 

t he  b i n ,  the gradation of each questionable sample 

shall be analyzed t o  determine i f  segregation has 

occurred. Segregation i s  indicated when a sample's 

gradation f a i l s  t o  comply w i t h  any one of the 

fol lowing. 

(1 ) To1 erances 

(a) F l  ne Aggregate (Percentage Passing 18 , 
150 ,  and Y200 Sieves) 

For the f ine  aggregate the deviation from the 

average gradation o f  the pugmill will not exceed 

the j o b  mix tolerances f o r  lndivfdual samples 

as shown I n  Table 3-A(1) of yellow (1970) Addenda A ,  
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( b )  Coarse Aggregate (Percentage Passing 1 -1 /2" ,  

l " ,  1/2", 3/8", and P4 sieves) 

For the coarse aggregate the deviation f r o m  

the average g r a d a t i o n  o f  the pugmill will n o t  

be more than one-half the broad band (master 

range) of Table 3 o f  the yellow Addenda A .  

( 2 )  S ta t i s t ica l  Analysis 

The g r a d a t i o n  i s  t o  be subjected t o  a s t a t i s t i c a l  

analysis based on the ou t l ie r  t e s t  "Theory o f  

Rejection of Observations." The sieves t o  be 

so treated are 1/2" ,  3/E" (where applicable),  $ 4 ,  

88, nY50, $239 a n d  the bitumen content. 

( 3 )  Test for Outliers 

( a )  The standard deviation will Le calculated 

for the sieves mentioned i n  p a r a g r a p h  ( 2 )  f o r  

the samples taken a t  the pugnil 1 .  

From the attached Table A-70, se lect  the 

number i n  the l e f t  hand vertical  column 

which represents the number of pugmi 11 

samples minus one. T h i s  number will be 

eight  ( 2 )  when sampled according t o  tne 

( b )  

- 1  

procedure. 
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(c )  Read across the horizontal numbers above 

the columns u n t i l  you come t o  the number 

representing the number of samples taken 

from the b i n ,  (ten i f  following normal 

procedure). Come down. this column u n t l l  

i t  intersects w i t h  row e i g h t .  

(5.13 i n  th is  case). 

( d )  Multiply the number (5.13) by the standard 

Read the number 

deviation of the pugmil l  samples for each 

sieve mentioned i n  paragraph ( 2 ) .  

(e)  F i n d  the range of the b i n  samples for the 

particular sieve. The range i s  the difference 

between the largest and the smallest number 

i n  the series,  

( f )  A comparison of the range [paragraph (e)]  and 

the product from paragraph ( d )  i s  made. 

the range is greater than the product o f  

paragraph ( d ) ,  the sample Is rejected as being 

an out l ier ,  t h a t  i s ,  i t  d i d  no t  come from the 

assumed pugmil l  population and lndlcates 

segregation. 

(9)  Repeat steps ( c ) ,  ( d ) ,  (e) ,  and (f) for each 

suspect sample, remembering t h a t  the b in  sample 

number wil l  change and a new factor as outlined 

i n  paragraph  (c) will have t o  be found .  

If 
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3. Sample of Test f o r  Out l ie rs  (Segregation) 

For the  sake of brevi ty  only the mean and the standard 

deviat ions f o r  the pugmi l l  samples a r e  shown. 

bin samples have been reduced t o  the  l a s t  four  samples taken b u t  the 

The gradation of the  

range covers a l l  ten of the samples. 

Pugrnill Sample P a t a  

Sieve Average of S t a n d a r d  
Size 9 Samples Deviation 

1 / 2  
$4 
88 

t! 50 
#200 

b i t .  content 

66.67 
51 .OO 
39.06 
13.00 
5.21 
4.71 

4.18 
3.20 
2.23 
1 . O G  
0.63 
0.26 

B i n  Samples 

Sieve 
Size $7 88 $9  $10 Range o f  10  

1 / 2  67. c 52.0 52.0 44.0 32 (7G-44) 
f 4  53.0 42.0 43.0 33.0 27 (60-33) 
98 38.0 31.5 32.5 25.5 21 (46.5-25.5) 

f 50 13.5 11.5 11.5 10.0 5 (15-10) 
t200 6.0 5.0 5.2 4.5 2 (6.5-4.5) 
b i t ,  4.65 3.95 4.10 3.45 2 (5.45-3.45) 

Calculation f o r  Sample 810 

Sieve S t a n d a r d  
Size Deviation x Factor = Product Range 

1/2  4.18 5.13 21.4 32 re ject  
$4 3.20 5.13 16.4 27 reject 
#8 2.23 5.13 11.4 21 r e j e c t  

R50 1.06 5.13 5.5 5 O.K. 

b i t .  0.26 5.13 1.33 2 r e j e c t  
$200 O.G3 5.13 3.2 2 0. K. 

Sample 9 Factor i s  4.99 
Sample 8 Factor i s  4.83 
Sample 7 Factor i s  4.65 



as 

Sample t 3  Sample P I  Sample # 
Sieve - 

Product Ranqe Product Rangc Product Range Size  

1 / ?  20.7 24 * 20.5 24* 1 9 . 4  13 
$4  16.0 13* 15.5 18* 14.9 10 

d 50 5 .3  3.5 5.1 3.5 4.9 2.0 
#ZOO 3.1 1 . 5  3.0 1 .5  2.9 1 .o 
b i t .  1.29 1.3* 1 . 3  1.5* 1.2 0.9 

#8 11.1 15 * 10.8 15* 10.1: 8.5  

* r e j e c t  as  being o u t l i e r s  

This example shows t h a t  Samples 8, 9 ,  and 10 e x h i b i t  

segregat ion and a r e  unacceptable.  

represented the  132nd ton and Sample #8 t h e  140th ton withdrawn. 

The t o t a l  charge was 152 tons .  

occur w i t h i n  the  f i r s t  e igh t  tons of the l a s t  truckload o u t  of the 

b i n .  

b i n d i c a t o r  should be i n s t a l l e d  a t  the  20 ton l e v e l .  

From ac tua l  experience Sample 87 

This shows t h a t  segregat ion s t a r t e d  t o  

Therefore ,  t h e  l a s t  t ruckload will n o t  be accepted and a 
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c 

6 

TABLE A-10. PERCENTILES OF THE STUDENTIZED RANGE, 9 

I 

9 = w/s where w i s  the ronge of L observations, and Y i s  the number 
of degrees of freedom orrociated with the rtondord deviation s. 

9.90 

1 ‘-’ 8193 . 1 13.44 
2 i 4.13 I 5.73 
3 1 3.33 I 4.47 
4 

* 5  

4 
7 

- 8 .  
9 

10 

I t  
12 
13 
14 
1s 

16 
i7 
i a  
19 
20 

24 
30 
40 
60 

120 
X 

3.01 
2.85 

2.75 
2.68 
2.63 
2.59 
2.56 

2.54 
2.52 
2.50 
2.49 
2.48 

2.47 
2.46 
2.45 
2.45 
2.44 

2.42 
2.40 
2.38 
2.36 
2.34 
2.33 

3.98 
3.72 

3.56 
3.45 
3.37 
3.32 
3.27 

3.23 
3.20 
3.18 
3.16 
3.14 

3.12 
3.11 
3.10 
3.09 
3.08 

3.05 
3.02 
2.99 
2.96 
,2.93 
2.90 

4 

16.36 
6.77 
5.20 
4.59 
4.26 

4 . 0 i  
3.93 
3.83 
3.76 
3.70 

3.66 
3.62 
3.59 
3.56 
3.54 

3.52 
3.50 
3.49 
3.47 
3.46 

3.42 
3.39 
3.35 
3.31 
3.28 
3.24 

- 
18.49 
7.54 
5.74 
5.03 
4 .6 t  

4.41 
4.28 
4.17 
4.08 
4.02 

3.96 
3.92 
3.88 
3.E5 
3.83 

3.80 
3.78 
3.77 
3.75 
3.74 

3.69 
3.65 
3.60 
3.56 
3.52 
3.48 

lO.15 
8.14 
6.16 
5.39 
4.98 

4.73 
4.55 
4.43 
4.34 
4.26 

4.20 
4.16 
4.12 
4.08 
4.05 

4.03 
4 .OO 
3.98 
3.97 
3.95 

3.90 
3.85 

7 - 
21.51 
8.63 
6.51 
5.68 
5.24 

4.97 
:4. i 8  
4.65 ’ 
4.54 
4 . 4 i  

4.40 
4.35 
4.30 
4.27 
4.23 

4.21 
4.18 
4.16 
4.14 
4.12 

4.07 
4.02 

3.80 I 3.96 
3.75 3.91 
3.71 1 3.86 
3.66 j 3.81 

8 

22.61 
9.05 
6.81 
5.93 
5.46 

5.17. 
-4.9; 
4.83 
4.72 
4.64 

4.57 
4.51 
4.46 
4.42 
4.39 

4.36 
4.33 
4.31 
4.29 
4.27 

4.21 
4.16 
4.10 
4.04 
3.99 
3.93 

i 
1 

9 1 10 

23.62 
9.41 
7.06 
6.14 
5.65 

5.34 
5.14 
4.99 
4.87 
4.78 

4.71 
4.65 
4.60 
4.56 
4.52 

4.49 
4.46 
4.44 
4.42 
4.40 

4.34 
4.28 
4.21 
4.16 
4.10 
4.04 

24.48 
9.72 
7.29 
6.33 
5.82 

5.50 
5.28. 
5.13 - 
5.01 
4.91 

4.84 
4.78 
4.72 
4.68 
4.64 

4.61 
4.58 
4.55 
4.53 
4.51 

4.44 
4.38 
4.32 
4.25 
4.19 
4.13 

Adapted by permission from Biowrtriko, Yoi. 46 .  Dce. 1959. from nrridc rntitkd “Tabla of the Ilpwr 10 5 Polnu of the Studentized 
Range (Accompanivd by Revised fabler of 5 5 and 1 A Points ).’ by J a m a  Pachara. 

T-18 
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TABLE A-10 (Continued). 

1 
2 
3 
4 
s 

6 
7 
8 

- 9  
10 

11 
12 
13  
14 
IS 

16 
17 
18 
19 
20 

24 
30 
40 
60 

120 
m 

w "! 

11 
- 
:5.% 
0.01 
7.49 
6.49 
5.97 

5.64 
5.41 
5.25 
5.13 
5.03 

4.95 
4.89 
4.83 
4.79 
4.75 

4.71 
4.6g 
4.65 
4.62 
4.61 

4.54 
4.4; 
4.41 
4.3 
4 .a 
4.2' 
- 

- 
\.- 

12 
- 
'5.92 
.O .26 
7.67 
6.65 
6.10 

5.76 
5.53 
5.36 
5.23 
5.13 

5.05 
4.99 
4.93 
4.88 
4.84 

4.8i 
4.77 
4.75 
4.72 
4:70 

4.63 
4.56 
4.45 
4.42 
4.3: 
4.2E 
- 

- 

13 

6.54 
0.49 
7.83 
6.78 
6.22 

5.87 
5.64 
5.46 
5.33 
5.23 

5.15 
5 .OE 
5.02 
4.97 
4.93 

4.89 
4.86 
4.83 
4.80 
4.78 

4.71 
4.64 
4.56 
4.49 
4.42 
4.35 

PERCENTILES OF THE STUDENTIZED RANGE, 4 

- 

14 

4.90 

27.10 
10.70 
7.98 
6.91 
6.34 

5.98 
5.74 
5.56 
5.42 
5.32 

5 -23 
5.16 
5.10 
5.05 
5.01 

4.97 
4.93 
4.90 
4.88 
4.85 

4.78 
4.71 
4.63 
4.56 
4.48 
4.41 

- 

IS 
- 
17.62 
.o .89 
8.12 
7.02 
6.44 

6.07 
5.83 
5.64 
5.51 
5.40 

5.31 
5.24 
5.18 
5.12 
5.08 

5.04 
5.01 
4.98 
4.95 
4.92 

4.85 
'4.77 
4.69 
4.62 
4.54 
4.47 
- 

- 

16 

8.10 
1.07 
8.25 
7.13 
6.54 

6.16 
5.91 
5.72 
5.58 
.5.47 

5.38 
5.31 
5.25 
5.19 
5.15 

5.il 
5.07 
5.04 
5.01 
4.99 

4.91 
4.83 
4.75 
4.67 
4.60 
4.52 

- 

- 

17 
- 
18.54 
.1.24 
8.37 
7 -23 
6.63 

6.25 
5.99 
5.80 
5.66 
5.54 

5.45 
5.37 
5.31 
5.26 
5.21 

5.17 
5.13 
5.10 
5.07 
5.05 

4.91 
4.89 
4.81 
4.73 
4.65 
4.57 
-- 

- 
I 

18 

!8.96 
11.39 
8.48 
7.33 
6.71 

6.32 
6.06 
5.87 
5.72 
5.61 

5.51 
5.44 
5.37 
5.32 
5.27 

5.23 
5.19 
5.16 
5.13 
5.10 

5.02 
4.94 
4.86 
4.78 
4.69 
4.61 
- 

- 

19 

3.35 
11.54 
8.58 
7.41 
6.79 

6.40 
6.13 
5.93 
5.79 
5.67 

5.57 
5.49 
5.43 
5.37 
5.32 

5.28 
5 .a 
5.21 
5.1E 
5.1E 

5.0; 
4.9: 
4.9( 
4 -8: 
4.v 
4.6f 
- 

- 

20 

'9.71 
.1.68 
8.68 
7.50 
6.86 

6.47 
6.19 
6 .OO 
5.85 
5.73 

5.63 
5.55 
5.48 
5.43 
5.3€ 

5.3: 
5.3( 
5 5% 
5.2: 
5.2( 

5.1: 
5 .0: 
4.9; 
4.81 
4.7: 
4.61 

- 

i ' 3 '  
.t 
t 
L 

, 
f 
$ 

1'-19 
. 
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APPENDIX 6 

General Specification 

Division I 1 1  - :.laterials 

Section 903 - Bituminous Concrete 

903-02(a)  General Requirements f o r  All Mixing Plants 

10. Surge and  Storage fj ins f o r  Bituminous Mixtures 

A plant shall be permitted to  s tore  h o t  mixture from i t s  

pugmill i n  a surge or storage bin provided said bin has  received 

prior evaluation a n d  approval by the Department. 

t o  be i n  confomance vitli a l l  l imitations on retention time, type 

Use of the bin i s  

o f  mixture, heater operation, b i n  atmosphere, bin level or other 

character is t ics  s e t  forth in the Department's l e t t e r  of approval. 

An evaluation of a surge or storage unit will be conducted 

by the Department on written request by a p l a n t  owner. 

brill determine the degree o f  composition uniformity, temperature 

The evaluation 

character is t ics  , and degree of asphalt  cement hardening of mixture 

processed through the surge or  storage u n i t .  Approval will be granted 

f o r  b i n  usage t h a t  consistently resu l t s  i n  mixture having gradation, 

temperature and  asphalt hardening properties of no lesser  qua1 i t y  than 

acceptable mixtures discharged direct ly  from the plant ' s  pugmill. 
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tlowver, a penetration loss in storage o f  u p  t o  10 units will 

be permitted based on comparative t e s t s  (AASliO T49-68) of frozen 

samples of mixture obtained f r o m  the pugmill and b i n  discharges. 

I n  the event t h a t  an approved surge or storage system i s  

changed or a1 tered the Departrnent of  Transportation shall be notified 

of modification. Any radical departure from the approved system will 

necessitate reevaluation. 
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APPENDIX C 

Sampling and Testing Plan 

A .  Sample Location 

1. A s  discharged from the pugmill 

2 .  

3. Pavement cores 

As discharged from the storage bin 

G .  Asphalt Original 

1 .  Specific Gravity Q 77" f  

2 .  Penetration a t  77°F 

3 .  Flash p o i n t  C.O.C. 

4. Ash 2 

5 .  Viscosity a t  140°F poises (absolute) 

6 .  

7. Penetration a t  G O O F  

Aspnalt ( T h i n  Film Oven Test) 

1 ,  % loss i n  weight 

2 .  Penetration @ 6OoF 

Viscosity a t  2 7 5 O F  C, (Kinematic) 

C. 

3 .  Penetration 0 77°F 

4. Viscosity !3 140°F poises (absolute) 

5. Viscosity 0 275°F C, (Kinematic) 

6. Ductil i ty 0 60°F 5 cm/min 
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.. 

0. B i  t u m i  nous Mix 

1 .  

2. Ex t r ac t ion  

3 .  Asphalt  content  

Temperature a t  the time o f  mix and d i scha rge  from b i n  

4 .  Gradation 

5. Recovery (Abson method) 

a )  Pene t r a t ion  @ 60°F 

b) Pene t r a t ion  @ 77°F 

c )  V i scos i ty  @ 140°F po i ses  ( a b s o l u t e )  

d )  

e )  D u c t i l i t y  @ 77°F 

f)  

g )  % Ash 

h )  S p e c i f i c  g r a v i t y  0 77°F 

Viscos i ty  0 275°F Cs (Kinematic) 

D u c t i l i t y  0 60°F 5 cm/min 

E .  Marshall S t a b i l i t y  - (Pug and b i n  samples) 

1 .  S t a b i l i t y  

2. Flow 

3 .  % a i r  voids 

F. Pavement Cores 

1. Pene t r a t ion  @ 77°F 

2. Pene t r a t ion  @ 6OoF 

3.  

4 .  S p e c i f i c  Gravity @ 77°F 

D u c t i l i t y  (4 60°F 5 u n / m i n  
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G.  S t a n d a r d  Method Legend 

1 .  

2 .  Penetration I? 77°F 

3. Viscosity '2 140°F . 

4. Viscosity @ 275°F 

5. Duct i l i ty  @ 77°F 

6. Ductil i ty @ 60°F 

7. Marshall S t ab i l i t y  

8. Thin f i lm oven t e s t  

9 .  Extraction 

Recovery o f  asphalt  by Abson Method 

. l o .  % voids 

M S H O  T 170-70 

AASHO T 49-6C 

AASHO T 202-60 

AASHO T 201-70 

AASHO T 51-68 

AASHO T 51-68 

ASTI4 D 1559 

AASHO T 179-68 

New Jersey Department 
o f  Transportation 

New Jersey Department 
o f  Transportation 

In view of the data gathered i n  this resea'rch the t e s t s  f o r  

penetration a t  60°F and  duc t i l i t y  a t  77°F should n o t  be used in 

fu ture  evaluations. 

. 


