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PREFACE 

The new design technique reported here was developed 
by the Materials Division, Office of Research, and i s  
offered as a logical approach to the design o f  open-graded 
asphalt friction overlays. I t  provides a means to surmount 
w i t h  reasonable assurance some of the past difficul t ies 
encountered i n  design, construction, and f i el d performance. 
The overall simp1 ici ty  of the methodology and the low cap- 
i t a l  investment i n  required 1 aboratory equipment contributes 
t o  i t s  sui tabi l i ty for acceptance on a nati onal 1 eve1 . 

The authors wish t o  thank Mr. Howard L, Anderson, 
Director, Office of Development and Mr. Alan E. Trotter, 
Materials Engineer, Region 15, for their continued interest 
and support i n  the conduct of the work, and also Messrs. 
H .  J .  Lentz and 0. E.  Weatherford for their assistance i n  
the performance of the laboratory evaluations and designs. 
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1 NTRODUCT ION 

Most of the highway community -is generally familiar with the type 
of overlay commonly referred to as an "open-graded plant mix seal coat. " 
From most avai lable reports, this type of surfacing evolved frpm the 
conventional chip seal surface treatment which i s  used primarily to seal 
and maintain aged, b u t  otherwise structurally sound, pavements. I t  i s  
what i t s  name implies - a chip seal aggregate mixed hot in a p l a n t  with 
a relatively h i g h  percentage of asphalt cement and placed in a compacted 
depth of five-eighth-i nch to three-fourth-inch by an asphalt paver. The 
history and extent of plant mix seal usage has been adequately discussed 
and documented in the literature (1, 2,  3, 4 ,  5, 6, 7, 8) and therefore 
there i s  no further need to have another dissertation here. I t  shall 
suffice to summarize that the extended use of plant mix seals has been 
undesirably slowed because of a number of uncertainties and probl ems 
involved in i t s  design and construction, i n  spite of the following bene- 
f i  t s  which have been associated with this type of surfacing material : 

(1) improved skid resistance a t  h i g h  speeds during wet weather 
(2)  minimi zation of hydropl ani ng effects du r ing  wet weather 
( 3 )  improved road smoothness (PSI ) 
(4)  minimization of splash and spray du r ing  wet weather 
(5) minimization of wheel path r u t t i n g  
(6) improved visibility of painted t raff ic  markings 
(7) improved n i g h t  visibility during wet weather (less glare) 
(8) lower highway noise levels 
(9) retardation of ice formation on surface 

Therefore, a concerted effort has recently been initiated t o  overcome 
those remaining roadblocks which prevent the motoring pub1 ic  from 
recei v i  ng the above-1 i sted benef i t s  . 

THE PROBLEM IN PERSPECTIVE 

The greatest discernible difficulty was that current design practice 
was not well defined. In most instances, the only design cri teria avail- 
able were 1 imi t s  on the aggregate gradation and ranges of values for 
asphalt content which were based primarily on field experience. Existing 
methods of design seemed to rely on surface treatment concepts o r  on the 
appl i cation of routine design methods that are general l y  only sui tab1 e 
for dense, cohesive type mixtures. The open-graded plant mix seal, how- 
ever, does not f i t  into either category. 



The main design consideration that created problems appeared t o  be 
the determination of the percentage of asphalt cement to be used. The 
amount was usual l y selected by conducting a seri es o f  asphal t "drai nage" 
tests on tr ial  mixtures a t  various percentages of asphalt. The basis 
for this.  design approach was simply the requirement t h a t  a sufficient 
quantity of asphalt cement be made available for the formation of a 
seal on the existing road surface, bu t  not so much as t o  cause excess 
drainage, segregation, or hand1 i n g  problems during construction. The 
undesirable aspect of selecting asphalt content in this manner i s  that 
the drainage test temperature i s  made the controlling factor rather 
than, more properly, the inherent properties o f  the material consti t- 
uents o r  of the resulting mixture. 

When asphalt content was selected by the use of more advanced - 
equipment, such as the Marshal 1 o r  Hveem apparatus, i t  was found that 
stability and flow were quite insensitive to variations in asphalt per- 
centage f o r  these mixtures. The usual criteria of selecting the asphalt 
content on the basis  of optimizing stabi 1 i ty and flow did not provide 
definitive results. 

The selection of asphalt content by either drainage tests or 
mechanical tests requires considerable engi neepiing judgment. After- 
wards, i t  i s  s t i l l  quite possible to have too l , i i t t le asphalt which 
would create a ravel ing condition, or  too much alsphal t which would 
create a flushing condition. I I 

I 

The aggregate gradation has also been shown t o  be an important 
design factor. I t  influences the amount of intb;mal and surface voids 
of the mixture, surface rugosi ty, asphalt conteh;t , , and the resistance 
t o  densification and subsequent flushing of the asphalt under high traf- 
f i c  volume applications. The quantity of materi'al smaller (o r  larger) 
than a N O -  8 sieve seems to  be a most important criterion i n  defining an 
acceptable aggregate gradation. Yet quantities ranging from O t o  38 
percent have been used for what i s  typical ly labeled an open-graded 
plant mix seal. 

A DIFFERENT APPROACH 

In the course of our analysis of the problb$, i t  became evident 
that highway engineers have been using open-grad$d plant mix seals for 
two distinct purposes: (1 ) maintenance of aged 4 d weathered pavement 
surfaces, and (2 )  specifically for the improveme 1 t of pavement friction. 
Since the la t ter  purpose i s  the primary concern @f the Federal Highway 
Administration, we t h o u g h t  i t  des i rabl e t o  "advgoce" the open-graded 
plant mix seal s t i l l  further, into the OPEN-GRAQBD ASPHALT FRICTION 
COURSE. In view of what has a1 ready been discud$ed, an open-graded 
asphalt friction course might best be considere4 a s  a plant mix seal 
without the excess asphalt cement which forms tht$ aforementioned seal. 

I 
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A1 though this distinction may seem relatively minor, i t  does reduce 
greatly the difficulty that i s  encountered i n  mixture design and pave- 
ment construction. Using this concept, a more definite design proce- 
dure can be established without the sacrifice of any of the previously 
listed benefits. I t  i s  s t i l l  important, however, t o  provide a water- 
t i g h t  seal a t  the interface w i t h  the existing pavement surface as i s  
depicted in Figure 1. The recommendation is  that the existing surface 
be treated separately from the new surfacing material. If the existing 
surface i s  dry, apply a prime coat. If i t  i s  flushed, remove the 
excess asphalt. 

The design procedure then i s  based on the concept t h a t  the open- 
graded asphalt friction course consists predominantly of a narrowly- 
graded coarse aggregate fraction (which i s  defined here as the. material 
that i s  retained on a No. 8 sieve) with a sufficiently high interst i t ial  
void capacity to provide for a relatively h i g h  asphalt content, a h i g h  
a i r  void content, and a small fraction of fine aggregate (which i s  
defined as tha t  material passing a No. 8 sieve). The coarse aggregate 
fraction provides the structure of the composi te mixture while the fine 
aggregate fraction acts primarily as a f i l l e r  w i t h i n  the interst i t ial  
voids. 

Materi a1 Requi rements 

I The highway community i s  now cognizant that pavement skid resist- 
l ance i s  not only a function of the larger scale texture or macrotexture 

depicted in Figure 1, b u t  also of the small scale texture o r  microtex- 
ture which can barely be f e l t  by touch. In a typically dense-graded 
asphalt mixture, the pavement macrotexture i s  provided by the coarse 
aggregate, while the microtexture can be provided by both the coarse and 
fine aggregate. In the open-graded asphal t friction course, however, 
the coarse aggregate fraction must provide the necessary microtexture 
without assistance from the fine aggregate. I t  i s ,  therefore, very 
important that this characteristic be considered when selecting the 
coarse aggregate. A number of aggregates derive their excel 1 ent micro- 
texture properties through the process of  at tr i t ion,  b u t  i n  some cases 
this can be excessive i n  terms o f  abrasion loss requirements. A com- 
promise might ,  therefore, be required between friction and abrasion 
properties . 

Note - A complete procedural version of the design method i s  given 
i n  Appendix A. Excerpts from the procedure, i n  i t a l  i cs , are interjected 
in the fol lowing discussion for rapid reference purposes. 

1.1 I t  is recommended that  re la t ive ly  pure carbonate aggregates 
or any aggregates known to poZish be aotuded from the coarse aggregate 
fraction (materia2 retained on No. 8 sieve) .  In addition, the comse 
aggregate fraction should have a t  least  75 percent b y  weight  of 

3 
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F igure 1 . Open-Graded Asphal t & t i o n  Course 



particles with a t  least two fractured faces and 90 percent wi th  one or 
more fractured faces, The abrasion loss T 961 should not exceed 

The attainment of the required macrotexture property i s  more o r  
less imp1 ici t with the adherence to the recommended limits on the 
aggregate gradation which have been borrowed largely from field exper- 
ience (9). 

1.2 Recommended Gradation for Open-Graded A s p h a l t  Friction 
Course 

a/ Sieve Size- b/ Percent Passing- 

a/ U. S. Sieve Series - 
b/ By weight - 
Limits which are given for the No. 8 sieve are intended primarily 

as a guide. The overriding consideration which actually dictates the 
maximum limit i s  that al l  the material finer must f i t  within the inter- 
s t i  t ia l  voids of the composite forming material (retained on No. 8 
sieve). The uniformity of the aggregate grading between the No. 8 
sieve and the No. 200 sieve i s  an important factor affecting the quan- 
t i ty  that can be used, as are the shape characteristics (roundness and 
sphericity) of the coarse aggregate fraction. The importance of having 
a t  least some fine aggregate cannot be overemphasized, as i t s  primary 
purpose i s  to provide a "chocking action" for the stabilization of the 
coarse aggregate fraction. Consequently, minimum requi rernents have 
been provi ded . 

Limits which are given for mineral dust (passing No. 200 sieve) 
help to assure a uniform grading of the fine aggregate t o  some degree, 
as we1 1 as to control the aspha1 t drainage characteristics of the mix- 
ture by effectively increasing the viscosity of the asphalt cement. 

The suggested grade of asphalt cement t o  be used i s  AC-10 or AR-40 
of AASHO M 226-73 I.  These grades should be considered as a tentative 
starting point because tes t  results obtained from the design process may 
indicate an advantage or a necessity to a1 ter the asphalt grade. 



1,3 pec~mended grade of clapbazt cement i6i AC-10 QP 4R-40, 
&SIII) M 226-73 1. For AC-la, Table 2 require~enta sh~uZd apZy where 
such. asphaZt j s  . avacZ&Ze, @40 reqw{~ements, are g$ven i n  T& Ze 3, 

Prel iminary Data 

I t  i s  necessary that the actual aggregates proposed for use be 
submitted t o  the mix design engineer together with any information on 
the proportions of each that the contractor prefers t o  use. The 
designer must be able t o  reconstruct the proposed job-mix i n  the lab- 
oratory, not only i n  gradation, b u t  also i n  the exact proportions of 
the various raw materials, i f  these are diffekent types. 

2.1 Test coarse and fine aggregates as received for the project 
for gradation unless otherwise provided. I f  ininera2 f i l l e r  i s  sub- 
mitted as a separate item, it shouZd also be $ested for specification 
compliance. Analyze gmdation results t o  detezlnine if proportions of  
aggregates and batehing operations proposed bt  the contractor w i l l  meet 
h is  job-mGc famuZa and the specification Zimzts of section 1.2. 

The design process requires that seqarate specific gravity 
values be determined for the coarse aggregatefraction (material 
retained on No. 8 sieve) and the fine aggregate fraction (material 
passing No. 8 sieve) of the job-mix blend. Ooe approach i s  t o  phys- 
ically prepare a sample having the job-mix grqdation as indicated in 
section 2.1 and then to re-separate the sample into two fractions by 
splitting on the No. 8 sieve. Each fraction dan then be tested 
separately for specific gravity. I 

I 

A1 though the above approach requires on1 J two specific gravity 
determinations, i t  leaves the designer with l j t t l e  flexibility i f  he 
must eventually make an adjustment to the job  mix gradation. I t  i s  
therefore desirable to determine specific gra;ities on the coarse and 
fine aggregate fractions (retained and passing No. 8 sieve) for each 
type of material submi tted. 

I I 

I 

2.2 Determine bulk and apparent specifid gravity for the coarse 
and fine aggregate fractions (retained and pasking No. 8 sieve) for 
each type of material. submitted. AdditionaZ specific grav i t y  tes ts  are 
not warranted where the onZy distinction betwekp aggrggates is size of 
grading. Utilizing the infomation verified ipy section 2 . 2 ,  mathemat- 
icaZZy compute the bulk and apparent specific bbavity for the coarse 
a d  fine aggregate fractions (retained and pasb(ing No. 8 sieve1 for the 
proposed job-mix gradation. I I I 

I 
/ I 

The asphalt cement should be subjected to1 /the routine tests t o  
verify specification compliance. Information rpgarding the intended 
use of or presence of additives i n  the submittk sample should be 

I 

6 
d 

I I 
1 I 

I 



provided. Typical additives are ant is  t r i  pping agents and s i  1 f cone. 
When kerosene or  fuel o i l  i s  used as the di lutant  for  the addit ive,  
the dilution proportion should also be given. Preferably, the sample 
of asphalt cement received a t  the laboratory should be a representative 
sample from the plant. 

2.3 Test the asphalt cement t o  be used for specification eonplimrce 
b4ASXO M 226-73 TI ,  viscosity-temperature data, and speci f ic  grpvity a t  
77.0 F. 

Asphal t Content 

The method of selecting the asphalt content consists o f  two steps. 
The f i r s t  i s  to  conduct a measurement of the surface capacity (Kc) of 
the predominant aggregate size fraction (material retained on No. 4 
sieve). Surface capacity includes absorption, superficial area, and 
surface roughness, a1 1 o f  which af fec t  asphal t cement requirements . 

3.1 Determine the surface capacity of the aggregate fraction that  
i s  retained on a No. 4 sieve i n  accordance with the foZZowing procedure 
(10)  : 

: 5  1 c < , " .  #. 

3.1.1 . Quarter out 105 g. representative of the passing three-eighth- 
inch and retained No. 4 sieve materiaZ. 

3 .Ie2 ~ r y  sample on hot pZate or i n  230 - + 9F oven t o  constant weight 
and aZZm t o  coot. 

3.1+3 Weigh out 100.0 g .  and place i n  a metat funnel (top diameter 
3-1/2 inches, height 4-2/2 inches, or i f ice  one-half-inch, with a piece 
of No. 10 sieve soldered t o  the bottom of the opening). 

i i i "i i 1 9 - " '"j Cd ~ *,< 

3.1 4 CompZeteZy i m r s e  specimen i n  S.A. E. No. 10 lubricating o i l  
for 5 minutes. 

3.1.5 Drain for 2 minutes. 

3.1.6 Place funnel containing sample i n  140 F oven for 15 minutes 
of additional draining. 

3.1 7 Pour sample from fun~eZ i n t o  tared pan; coo2 and reweigh 
I 

sample t o  nearest 0.2 g. Subtract original weight and record d i f f e r -  
ence as percent o i l  r e tahed  (based on100 g. o f  d r y  aggregatel. 

3 . 1 . 8  Use chart s h m  i n  Figure  2 for determination o f  "Kc .  " 
(1) I f  speci f ic  gravity for the fraction i s  greater than 2.70 

or Zess than 2.60, apply correction t o -  o i l  retained, using f o m Z a  a t  
bottom of chart i n  Figure 2. 

1 



121 Start at the bottom of chart i n  Figure 2 with the 
corrected percent of o i  Z reteined ; fot low straightedge verticaZ Zy 
upward t o  intersection with the diagonal Zine; hoM point, and follow 
the s t~dgh t edge  horizontalZy t o  the l e f t .  Thhe vaZue obtained w i Z Z  be 
the surface constant for the retained fraetion &d i s  known as "Kc. " 

The second step i s  to compute the required asphal t content from an 
established simple linear relationship obtained from field experience 
on similarly graded mixtures. Asphalt content so determined i s  based 
on weight of aggregate. A basic difference between this design proce- 
dure and i t s  predecessors i s  that this value for asphalt content i s  to 
be considered final and no further adjustments @re t o  be made based on 
asphal t drainage characteris t ics,  stabil i ty , o r  whatever. This val ue 
was previously and appropriately termed Estimated Optimum Asphalt (EOA) 
in those earlier methods. 

I 

3.2 Determine the required asphaZt content which i s  based on weight  
of aggregate from the foZZowing reZatiomhip (51:  

No correction need be applied for viscosity.   he asphaZt content 
computed from the above formuZa wouZd be the sme  regardZess of the 
aspha Z t grade. 1 1  

I I 

Void Capaci ty  of Coarse ~ ~ ~ r d ~ a t e  

This portion of the procedure covers the rpeasurement of the 
interst i t ial  void capacity of the coarse aggre qte fraction (material 
retained on No. 8 sieve) .of the proposed job-m 3 + gradation, This infor- 
rnation i s  obtained by conducting a vibratory u h i  t weight determination 
(11). The desirable feature of this tes t  i s  the  h i g h  degree of densi- 
fication achieved without causing a significant amount of aggregate 
degradation. This tes t  provides an indication gf the minimum level of 
interst i t ial  voids that will exist in the friction course after long- 
term densif ication under h i g h  t raffic volumes (assuming no aggregate 
degradation). In essence, the compacti ve charhcteri s t i  cs of the coarse 
aggregate fraction, as affected primarily by payticle sphericity and 
roundness, are largely responsible for determinlhg the suitability o f  
the proposed job-mix gradation. 

I 

4 .1  Detedne  the vibrated unit  weight and void capacity o f  the 
coarse aggregate fraction (material retained o~ a flu. 8 sieve) of the 
proposed job-mix gradation by the foZZming prqcedme ( 1 2  I .  

l 

Other equations which have been used are: E A = 1.5 (Kc) + 3.5 and 
EOA = 1.5 (Kc) + 4.0 by Califormia and CotoPadf, respectively. 



R m e r .  - A portable electromagnetic vibrating r m e r  as 
s h m  i n  Figure 3 having a frequency of 3,600 eycZes a minute, suitable 
for use with 115-volt alternating current. The rammer shall have a 
&mper foot and extension as s h m  i n  Figure 4. 

Mold. - A solid-wall metaZ cytinder with a detachable metaZ 
base plate, and a detachabte metaZ guide-reference bar as shown i n  
Figure  5. 

Wooden base. - A pZywood disc 25 inches i n  diameter, 2 
inches thick, v i t h  a cushion of rubber hose attached t o  the bottom. The 
disc shaZZ be constructed so it can be f i m Z y  attached t o  the base 
plate of the compact6am mold, 

Timer. - A stopwatch or other timing device graduated i n  
divisions of 2.0-second and accurate t o  1.0-second, and capable of t i m -  
ing the unit  for up t o  2 minutes. An electric  timing device or eZec- 
t r ical  circuits  t o  s tar t  and stop the vibratory rammer may be used. 

Dial indicator. - A dial indicator graduated i n  0.002-inch 
with a travel range of 3.0 inches. 

4.1.2 - Sample 

Select a 5- Zb. sample of the coarse aggregate fraction jrom 
the propo8ed .job-m-fx furmuZa as verified i n  section 2.1. 

4.1. 3 - Procedure 

Pour the seZected sample into the compaction mo M and place 
the tamper foot on the s q t e ,  

Place the guide-reference bar over the shaft of the tamper 
foot and s e m  the bar t o  the moZd ~ 5 t h  the thwnb screws. 

PZace the vibratory rmrmer on the shaft of the tamper foot 
and vibrate for 15 seconds. During the vibration period, the operator 
must exert just enough pressure on the hammer t o  macntain contact 
between the smple and the tamper foot. 

Remove the vibratory r m e r  from the shaft of the tamper 
foot and brush any fines from the top of the tamper foot. Measure the 
thickness i t )  of the compacted material t o  the nearest O.'0014neh. 



Note - The thickness (tl of the compacted sample i s  
determined by adding the diaZ reading minus the 
thickness of the tamper foot t o  the measured dis- 
tance from the inside bottom of  the mold and the 
end of the d i a l  gage when it i s  seated on the 
guide-reference bar with stem ful ly  extended. 

CaZeuZate the vibrated uni t  weight ( X I  as foZZows: 

X = 6912 (MI/ * ld1 2t ( i n  pounds per cubic j'ootl 

Where w = weight of coarse aggregate fraction i n  
pounds 

d = diameter of compact-ion mold i n  inches 

If w = 5 Zb. and d = 6 inches 

X = 305.73/t ( i n  pounds per cubic foot) 

Rere  t i s  i n  inches 

Determine the void capacity lViU4.I as follaws: 

VNA = 100(1 - X/Uc) ( i n  percent) 

mere Uc = bulk solid uni t  weight i n  pcf of the 
coarse aggregate f ~ a c t i o n .  U e  is caZ- 
cuZated from bulk speci f ic  gravity as 
determined i n  section 2.2  muZtipZied 
by 62.4 pef. 

Optimum Content of Fine Aggregate 

The optimum content of the f ine aggregate fraction i s  tha t  amount 
which can f i t  w i t h i n  the i n t e r s t i t i a l  voids of the coarse aggregate 
fraction, while a t  the same time allowing a suff icient  portion of the 
i n t e r s t i t i a l  voids for  the asphalt cement and $or a minimum quantity 
of a i r  voids. The maximum quantity of f ine  aggregate i s  1 i m i  ted not by 
absol ute vol ume requirements, b u t  rather by the particle-size distri bu- 
tion of the f ine aggregate ( i  .e., the f ine aggregate has i ts  own inter- 
s t i  t i a l  void system). An implied requirement q f  the design method i s  
tha t  the i n t e r s t i t i a l  void system of the coarsi aggregate fraction may 
not be a1 tered (made greater) by the addition c)f the f ine  aggregate 
fraction. T h i s  insures an internal void system w i t h  1 arge-sized voids 
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for wqter drainye purposes, An assumption i s  made t h a t  the above 
requirement will be satisf led Provided that the fine .aggregate fraction 
i s  1 imited t o  a maximum of 15 percent by weight of the total aggregate 
(refer to section 1.2). A maximum amount o f  fine aggregate 5s desir- 
able because of the "chocking" action i t  imparts to the coarse aggre- 
gate particles. This i s  probably most important i n  the prevention of 
mixture ravel i ng . 

A minimum a i r  void content of 15 percent i s  recommended for design 
purposes i n  order t o  insure adequate subsurface water drainage because 
i t  i s  this condition which gives rise to most of the desirable' features 
of this mixture. Information supporting the criterion of 15 percent i s  
scarce; however, i t  has been shown (1 21, that for approximately the 
grading shown i n  section 1 .2 ,  (Marshall samples compacted a t  50 blows 
per side yielded a i r  void contents o f  15.6 percent) the resulting water 
intrusion capacity of the mixture when compacted to a pavement thick- 
ness of 1 inch, proved to be sufficient. 

The fine aggregate content may be expressed i n  general terms by the 
foll owing re1 ationship on a percentage by volume basis: 

Fine Aggregate Passing No. 8 Sieve = Void Capacity (VMA) 
Retained No. 8 Sieve 

- Design Asphalt Content 

- Design Void Content 

+ Asphalt Absorption 
by Aggregate 

5.2 Determine the optimum content of fine aggregate fraction with 
the fo2Zowing re lationship: 

1 = % - 1  - [(% AC) iX)/(id W - V ) / I O O ]  + [ I X I / U E ]  1 
LU 

Where: Y = Percent Passing No. 8 $<eve by weight 

X = Actual VGrated Unit Weight of Coarse Aggregate 
(Retained on No. 8 Sieve) 

U f  = TheoreticaZ Bulk Dry SoZid Unit Weight of Fine 
Aggregate (Passing No. 8 Sievel 

Ua = Unit Weight of Asphalt Cement 

% AC = Percent Asphalt by Total Weight of Aggregate 

= 2.0 (Kc) + 4.0 



V = ?es.<gn. Percent A i r .  Vdds  = 3 5.0% 

5 . 2  Compare the optimwn fine aggregate content iY) deterdned under 
section 5.2 t o  the amount passing the No. 8 sieve of the contractors 
proposed job-mix fomuZa. If these vaZues d i f f e r  bg more than plus or 
minus 2 percentage point, reconstruct a revised or adjusted job-mix 
fomuZa using the vaZue determined for optimwn fine aggregate content. 
Recompute the proportions of c o m e  and fine aggregates (as receivedl 
t o  meet the revised job-mix f omZa  for submission $0 the eontractor. 

% W = Percent Voids  MineruZ Aggregate of the Course 
Aggregate (retdned No. 8 sieve) = 100 - 

Uc = l%eoreticaZ &Ilk @y Solid Unit Weight of Coarse 
Aggregate (retained No. 8 sieve) 

Note: X, Ua, Uc, U f  m e  i n  pounds/e&ie foot. 

In  the d o v e  relationship, asphalt absorption by aggregate has 
been assumed to  be negZigible. Since aspha2t rxbsoqtiun requirements 
are considered i n  the t e s t  for K c  (section 3.21, the es tha ted  a i r  
voids of 15 percent i n  the &xttrre wiZZ actuaZZy be greater by an 
amamt equivalent t o  the voZume of u s p k t t  absorbed, in percent. This 
condition, i f  anything, provides an additiuxut factor of safety. 

As an a l t e w t e  t o  the use of the mathemticat relationship, one 
may u t i l i z e  the design chart sham i n  Figure 6 provided that the 
asswrrptions used t o  compute the churt are satisfied; i.e., the specific 
gravity values (bulk &g) for the coarse mrd fine aggregate f ~ a c t i ~ m  
do not deviate beyond the limits of 2.600 t o  2.700. 

If the vaZue thus obtained for fine aggregate content .is greater 
than 15 percent, a vaZue of  15.0 percent shaZZ be qsed. 

Essentially, the designer i s  determining whether the use o f  15 
percent (by weight) o f  f ine  aggregate fraction (material passing No. 8 
sieve) s t i l l  insures the attainment o f  a minimum air void content of 15 
percent in the compacted mixture. I f  in fact this i s  not the case, the 
value f o r  Y will be less than 15.0 percent. 

Note: I f  the proposed and revised job-ndx gritdations are 
significantZy different,  it may be necessary $0 mrun 
portions of  t h i s  procedure. 

The requirement o f  section 5 . 2  to modify the proposed job-mix 
gradation because of a few percentage points difference between i t  and 



the computed job-rni.x# gradqti.on on the No, 8 sieve may seem somewhat. 
inconsequential from a practical standpoint. I t  shoul d be real i zed, 
though, t h a t  we are deal ing w i t h  a 'ta.rget val ue concept . I t  Normal var- 
iabil i ty  i n  gradation durfng hatching operations may be as much as sev- 
eral percentage points on any one sieve size and this can add to any 
init ial ly allowed deviation, from that value required, t o  produce a sig- 
nificantly different aggregate gradation w i t h  unacceptable character- 
ist ics,  

Optimum Mi xi  ng Temperature 

The optimum mixing temperature i s  based on the concept that the 
aggregate should be heated so as t o  be reasonably dry to facil i tate 
coating and adhesion, yet not be so h o t  that the viscosity of the 
asphalt binder is  reduced t o  a level which facilitates drainage an& 
segregation o f  the asphalt from the aggregate during transit from the 
mixing plant to the jobsi te. The recommended target mixing temperature 
i s  in the range that will correspond t o  asphalt cement viscosities of 
700 t o  900 cen t i  s tokes. -, 

6.1 Prepare a 1000-gram sample of aggregate i n  the proportions 
determined under section 5. Mix th i s  smnpZe a t  the a s p k l t  content 
determined under section 3.2 a t  a temperature corresponding t o  an 
asphaZt viscosity of 800 centistokes determined urder section' 2.3. 
When compZeteZy coated, transfer the mixture t o  a pyres glass plate 
(8-9-inch diameter) and spread the mixture with a minimum of manipula- 
tion. Retwn t o  the oven a t  the mixisg temperature. Observe the bottom 
of the plate af ter  1 5  and 60 minutes. A s l ight  puddle a t  points o f  con- 
tact  beween aggregate a ~ d  glass plate i s  suitable and desirable. Other- 
wise, repeat the t e s t  at a Zomr miccing temperature, or higher i f  
necessary. 

Note - If asphaZt dra5nage occurs a t  a mking tempemture which 
i s  too Zow t o  provide for adequate drying of the aggregate an 
asphalt of a higher grade should be used IAC-20 or AR-801\ 

The purpose o f  the above test  i s  n o t  to determine asphalt content 
as has been done Sn the past, bu t  .rather t o  determine the mixing tem- 
perature a t  which the recommended quantity of asphalt may be used. 

Rather than to  discard the sample prepared under section 6.1 above, 
a 6-i nch diameter sample may be mol ded i n  the manner descri bed i n  sec- 
tion 4.1 except that the mold and tamper foot are heated. The specimen 
so formed presents a rather close resemblance to the surface texture 
tha t  will be achieved on the finished pavement. These samples have been 
used t o  estimate surface macrotexture of the completed pavement using 
the sand patch technique. 



Resistance t o  E.ffects of Water 

The accesii hi1 1 ty of the l'nterl'or of the open-graded asphal t 
frl'ctlon course to  water makes i t  important to investigate the ten- 
dency t o  lose strength Tn the presence o f  moisture, The criterion of 
strength is  not be1 ieved t o  be as  important as the cri terion o f  
retained strength . 

7.1 Conduct $he Immersion-Compression Test (AASHO T 165 and T 1671 
on the designed mixture. Prepare scmrpZes a t  the optimum mixing tem- 
perature determined i n  section 6.1. Use a moZding pressure of 2000 psi 
rather than the specified value of 3000 psi. 

After 4-day immersion a t  120 F, the index of retained strength 
shaZZ not be Zess than 50 percent unZess otherwise pennittedb 

Note - Additives t o  promote adhesion that w i Z Z  provide adequate 
retained strength may be used when necessary. 

Reporting Results 

An example of a report form suitable for summarizing design 
resul t s  is given i n  Appendix B. 

EXTENT OF USAGE 

The procedure which has been outlined i s  relatively new. However, 
i n  the course of conducting.an init ial  investigation, i t  was possible t o  
apply the procedure t o  the design of "plant mix seals" which were 
recently constructed under the auspice o f  FHWA, R&D Demonstration Proj-  
ect 10, in the States of New Hampshire, Minnesota, Michigan, New York, 
and Kentucky. These after- the-fact designs compared quite we1 l w i  t h  the 
designd recommended by FHWA Region 15 personnel, which were based on the 
Col orado procedure (8). A compari son of aggregate gradation and asphal t 
content results i s  shown i n  Table 1 .  A complete Ifsting of pertinent 
information obtained by this procedure i s  provided in Table 2. In the 
case of the Kentucky and the New York designs, some one-half-inch - 
three-eighth-inch size material was permitted. I t  i s  believed t h a t  a 
relatively small quantity i n  the range of 5-10 percent will not signif- 
icantly affect the desired mixture properties and i s  therefore allow- 
able. T h i s  provision would permit the more economical use of standard 
s i  zes of aggregates . 

As a resul t of this favorable comparison, the procedure was appl ied 
to the design o f  mixes for a demonstration project In the State of Miss- 
issippi. This turned o u t  t o  be especially challetging as three, (and 
later a fourth), separate job-mix designs were requested, each contain- 
ing  various combinations of aggregate; crushed grdvel , expanded clay 





Table 2. Suna ry  of Design - R&D Demonstration Projects  and Federal Aid Projects  

Sta te  New Hamps h i  r e  M i  nnesota Mi chi gan Kentucky New York 

Aggregate 
Proportions 

Job-Mix Gradation 
% Passing 112-in. 

318-in. 
No. 4 
No. 8 
No. 200 

Asphalt Content (%) 
Mix Basis 

95% Traprock 98% Traprock 98% Crushed 98% Crushed 98% ~irneston&' 
5% Natural Sand 2% F i l l e r  Stone Gravel 2% F i l l e r  

2 % F i l l e r  2 % F i l l e r  

-- Agg. Basis 
01 

7.0 

Asphalt Grade AC-10 85/100 85/100 AC-20 AC-10 
Design Air Voids (%) 16.8 16.5 18.7 15.6 15.8 
Nixing Temperature (F) 245 230 230 230 245 

Retained Strength (%) 36 89 64 97- b/ 77 

Compressive ~ t r e n ~  tgl 
Air Cured ( p s i )  120 

a1 46% insoluble material (+ #200 s ieve) .  - 
bl  Value was 0% without ant is t r ipping agent. - 
c l  These resul ts included fo r  information purposes only. - 



Table 2. Summary of Design - R&D Demonstration Projects  and Federal Aid Projects  (continued) 

Sta te  Miss, #I Miss. 82 Miss, #3 Miss, #4 Ohio 

Aggregate 
Proportions 

50% Crushed 59% Crushed 99% Slag 98% Crushed 99% Slag 
Gravel Gravel 1% Fi 1 l e r  Gravel 1% Filler 

49% Slag 39% Expanded 2% F i l l e r  
1% F i l l e r  C l  ay 

2% Filler - 

Job-Mi x Gradation 
% Passing 1/2-in. 100 100 100 100 1 00 

3 / 8 4  n. 1 00 1 00 100 1 00 94 
No. 4 41 44 39 44 45 
No. 8 15 15 15.8 15 15 
No. 200 2.1 2.4 2.7 2 , 3  2.6 

Asphal t Content (%) 
I-I 

u Mix Basis 
Agg. Basis 

RsphaTt Frade 

Design Air Voids (%) 

Mi xi ng Temperature (F) 

Retained Strength (%) 
c/ Compressive Strength- 

Air Cured (ps i )  

C/ These resul ts included for information purposes only. - 
d/ Includes e f f e c t  of asphal t  absorptibh by aggregate. - 



(synthetic a.ggregate), qnd ~ l q g  @b$ph.ate type), A summary o f  results 
i s  proy jded i,n Table 2,  Mixture des,igns 1, 2,  and 3 were successful l y  
placed i n  Octoher 1973; however, i't 'i's too early t o  draw any conclu- 
ions reggrdfng performance, a1 though provisions have been made for 
future evaluations, 

An additional design was provided to the State of Ohio and i s  also 
summarized in Table 2.  The Ohio  mixture i s  to be placed early i n  1974. 

CQNCLUS IONS 

The authoFs beeleve that the design procedlre described i n  the 
preceding paragraphs i s  a subs tanti a1 techno1 ogi cal improvement over 
other existing methods used to design open-graded asphalt mixtures. 
This opinion i s  based on several considerations. 

First i s  the simplification of the usual process required t o  select 
asphalt content. A1 though the value determined i s  s t i l l  based largely 
on field experience, asphal t requirements are desirably dependent on the 
effects caused by using different types of aggregate materials (refer t o  
the determination of Kc, section 3.1 ) . Furthermore, the relationship 
used to compute asphalt content (refer to sectiqn 3.2) seems to provide 
for as h i g h  an asphalt content as used anywhere in practice. The use of 
this relatively large amount of asphalt i s  facilitated by requiring and 
providing for adjustments i n  mixing temperature and grade of asphalt 
cement, i f  necessary. 

I 

Second i s  the provision for the investigation of the compaction 
characteristics o f  the coarse aggregate. This step verifies whether 
adequate space i s  available i n  the composite structure for the required 
amount of asphalt, a i r  voids, and a sufficient, b u t  limited quantity of 
fine aggregate. Essential ly, the properties and characteristics of  the 
aggregate t o  be used dictate how the aggregate shall be graded ( w i t h i n  
1 i m i  t s )  i n  order that the desired mixture charadteristics are achieved. 

Thi rd  i s  the knowledge that the appl  icatioq of this procedure would 
have averted the use of a mix design that was responsible for a rather 
extensive incidence of asphalt f l  ushi ng of an open-graded plant mix seal 
coat placed i n  the Washington, D. C .  area i n  1989. Evaluation of the 
actual mix design by the proposed procedure indiicates that insufficient 
void space was available i n  the coarse aggregate for the quantities of 
fine aggregate and asphalt cement t h a t  were usddl. 

I 

Further improvements i n  the procedure are c,ontemplated as results 
of current research efforts become available. ~bwever, the procedure i n  
i t s  present form i s  recommended for immediate ekberimental appl i cation. 
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APPENDIX A 

DESIGN PROCEDURE 



Material Requ1,rements 

1 ,1 I t  is recommended that  re1 atively pure carbonate aggregates 
or  any aggregates known to polish be excluded from the coarse aggre- 
gate fraction (matertal retained on No. 8 s ieve) ,  In addition, the 
coarse aggregate fraction should have a t  l eas t  75 percent by weight o f  
part icles  w i t h  a t  l eas t  two fractured faces and 90 percent w i t h  one or 
more fractured faces. The abrasion loss (AASHO T 96) should not exceed 
40 percent. 

1.2 Recommended Gradation for  Open-Graded Asphalt Friction Course. 

a/ Sieve Stze- Percent Pass 1 ng- !?/ 
7 

3/8" 1 80 

#4 30-50 

U. S. Sieve Series 
By weight 

1.3 The recommended grade of asphalt cement i s  AC-10 or  AR-40, 
AASHO M 226-73 1. For AC-10, Table 2 requirements should apply where 
such asphalt i s  available. AR-40 requirements are given i n  Table 3.  

Prel imi nary Data 

2.1 Test coarse and f ine aggregates as received for  the project 
for  gradation unless otherwise provided. If mineral f i l  l e r  i s  submitted 
as a separate item i t  should also be tested for  specification compliance. 
Analyze gradation resul ts  to  determine i f  proportions of aggregates and 
batching operations proposed by the contractor wi l l  meet his job-mix 
formula and the specification limits of section 1.2. 

2.2 Determine bulk and apparent specific gravity f o r  the coarse 
and f ine  aggregate fractions (retained and passing No. 8 sieve) for each 
type of material submitted. Additional specific gravity t e s t s  are not 
warranted where the only distinction between aggregates i s  s ize  of grad- 
ing .  Utilizing the information verified i n  section 2.1, mathematically 
compute the bulk and apparent specific gravity for  the coarse and f ine  
aggregate fractions (retained and passing No. 8 sieve) fo r  the proposed 
job-mix gradation. 



2,3 Test the as,phalt cement to  be used for  specifici\tion 
cmpl i.ance &ASH0 M 226-73 I,), v- i  scosi ty- temperature data, and 
specific gravity a t  7 7 8  F. 

Asphalt Content 

3.1 Determine the surface capacity o f  the aggregate fraction tha t  
i s  retained on a No. 4 sieve i n  accordance w i t h  the following procedure 

Kc i s  determined from the percent of S. A. E. No. 10 oi l  retained, 
which represents the total effect  of superficial area, the aggregate's 
absorptive properties and surface roughness. 

/ 

3.1.1 Quarter out 105 g. representative of the passing three- 
eighth-inch and retained No. 4 sieve material. 

3.1.2 Dry sample on hot plate or i n  230 59 F oven to constant 
weight and allow to  cool. 

3.1.3 Weigh out 100.0 g. and place in a metal funnel (top diameter 
3-1/2 inches, height 4 4 2  inches, or i f ice  one-ha1 f-inch with a piece 
of No. 10 sieve soldered to  the bottom of the opening) . 

3.1.4 Completely immerse specimen i n  S. A. E. No. 10 lubricating 
o i l  for  5 minutes. 

3.1.5 Drain for 2 minutes. 

3.1.6 Place funnel containing sample i n  140 F oven for  15 minutes 
of additional draining. 

3.1 .7 Pour sample from funnel into tared pan; cool , and rewei gb 
sample to  nearest 0.1 g. Subtract original weight and record difference 
as percent oi l  retained (based on 100 g. of dry aggregate). 

3.1.8 Use chart shown i n  Figure 2 for  determination of "Kc." 

( I )  I f  specific gravity for  t h  paction is  greater than 
2.70 or less  than 2.60, apply correction t retained, a t  bottom of chart i n  Figure 2. 

( 2 )  Star t  a t  the bottom o f  chart i n  Figure 2 w i t h  the 
corrected percent of oi 1 retai  nedi follow straightedge vertical ly 
upward to  intersection w i t h  the dlagonal 1 ine; hold point, and follow 
the straightedge horizontally to the l e f t .  The value obtained will be 
the surface constant for  the retained fract ion and i s  known as "Kc." 
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PER CENT OIL RETAINED - CORRECTED FOR SP. GR.  OF AGGREGATE 

Material Used: Aggregate - Passing 3/811, Ret. No. 4 Sieve 
Oil - SAE 10 

Oil Retained Corrected (%)  = Oil Retained (%) x 

"apparent" sp .  gr .  of Coarse Aggregate 
2.65 

igure 2. Chart for  Determining Surface Capacity (Kc) 
of Coarse Aggregate (from Reference 10) 



3,2 Determi.ne the required asph-ql t content which i s  based on 
weight of aggregate from the fol lowing re ia t ionsh~p (5) : 

Percent Asphal t = 2.0 (Kc) + 4. 

No correction need be applied for  viscosity, The asphalt content 
computed from the above formula would be the same regardless of the 
asphal t grade. 

Void Capacity of Coarse Aggregate 

4,l Determine the vibrated u n i t  weight and void capacity of the 
coarse aggregate fraction (material retained on a No. 8 sieve) of the 
proposed job-mi x gradation by the fol 1 owing procedure (1 1 ) . 

4.1.1 - Apparatus 

Rammer. - A portable electromagnetic vibrating rammer as shown 
i n  Figure 3, having a frequency of 3,600 cycles a minute, suitable fo r  
use w i t h  115-volt al ternating current. The rammer shall have a tamper 
foot and extension as shown i n  Figure 4. 

Mold. - A solid-wall metal cylinder w i t h  a detachable metal base 
plate, and a detachable metal guide-reference bar as shown i n  Figure 5. 

Wooden Base. - A plywood disc 15 inches i n  diameter, 2 inches 
thick, w i t h  a cushion of rubber hose attached to the bottom. The disc 
shall be constructed so i t  can be firmly attached to  the base plate of 
the compacti.on mold, 

Timer. - A stopwatch or  other t iming device graduated i n  
divisions of 1 -0-second and accurate to 1 -0-second , and capable of t i m -  
i ng  the u n i t  for  up to 2 minutes. An e lec t r ic  t i m i n g  device or  elec- 
t r ica l  c i rcui t s  to  s t a r t  and stop the vibratory rammer may be used. 

Dial Indicator. - A dial indicator graduated i n  0.001-inch w i t h  
a travel range of 3.0 inches. 

4.1.2 - Sample 

Select a 5-lb. sample of the coarse aggregate fraction from the 
proposed job-mix formula as verified i n  section 2.1. 

4.1 .3 - Procedure 

Pour the selected sample into the compaction mold and place the 
tamper foot on the sample. 
a/ Other equations which have been used are: EOA = 1 , 5  (.Kc) + 3.5 and - 

EOA = 1.5 (Kc) + 4.0 by Cal ifornia and Colorado, respectively, 
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Figure 3. FHWA Vibratory Compaction ~ ~ ~ i r a t u s  (from Reference 11 ) 
I 



Figure 4. Tamper Foot and ~xtens ion  (from Reference 11 ) 





Place the guide-reference bar over the shaft o f  the tamper f o o t  
and gecuye the. bar t o  the m ~ l d  w i t h  the thumb screm. 

Place the v ib ra to ry  rammer on the sha f t  o f  the tamper f o o t  and 
v i b ra te  f o r  15 seconds. DurSng the v i b ra t i on  period, the operator must 
exer t  j u s t  enough pressure on the hammer t o  maintain contact  between 
the sample and the tamper foot .  

Remove the v ib ra to ry  rammer from the sha f t  o f  the tamper f o o t  
and brush any f i nes  from the top o f  the tamper foo t .  Measure the th i ck -  
ness (t) o f  the compacted mater ia l  t o  the nearest O.QO1 -i.rlch, 

Note - The thickness (t) o f  the compacted sample i s  determined 
by adding the d i a l  reading minus the thickness o f  the tamper 
f o o t  t o  the measured distance from the i ns i de  bottom of the 
mold and the end o f  the d i a l  gage when i t  i s  seated on the 
guide-reference bar w i  t h  stem f u l l y  extended. 

4.1.4 - Calculat ions 

Calculate the v ib ra ted  u n i t  weight ( X )  as follows: 

2 X = 691 2(w)/r(d) t ( i n  pounds per cubic f ee t )  

where w = weight o f  coarse dggregate f r a c t i o n  i n  pounds 

d = diameter o f  compactZon mold i n  inches 

i f  w = 5 1b. and d = 6 inches 

X = 305.73/t ( i n  pounds per 

where t i s  i n  inches 

Determine the void capaci ty 

VMA = 100(1 - x/UC) ( i n  percent) 

where Uc = bu lk  s o l i d  u n i t  weight i n  pc f  o f  the coarse 
aggregate f rac t ion .  Uc i s  ca lcu la ted from bu l  k s p e c i f i c  
g rav i t y  as determined i n  sect ion 2.2 m u l t i p l i e d  by-62.4 pcf .  

Optimum Content o f  Fine Aggregate 

5.1 Determine the optimum content of f i n e  aggregate f r a c t i o n  w i t h  
the f o l  lowing re la t ionsh ip :  

Y = VMn - V]- [(% AC) YMA -Y)/100] + [ ( ~ ) / U f l  1 



Where; Y = Percent Passlng No. 8 Sieve by Weight 

X = Actual vihrated u n t t  weight o f  coarse aggregate 
(retained NO, 8 sfeve) 

Uf = Theoretical bulk dry sol i d  u n f t  weight of f ine  
aggregate (passing No, 8 sieve) 

Ua = U n i t  weight of asphalt cement 

% AC = Percent asphalt by total  weight of aggregate 
= 2.0 (Kc) + 4.0 

V = Design percent a i r  voids = 15.0% 

% VMA = Percent voids mineral aggregate o f  the coarse 
aggregate (retained No. 8 sieve) = 100 -(IOO)(X)/Uc 

Uc = Theoretical b u l k  dry solid u n i t  weight of coarse 
aggregate (retained No. 8 sieve) 

Note - X, Ua, Uc, Uf are i n  pounds/cubic foot. 

In the above rel.ationship, asphalt absorption by aggregate has been 
assumed to be negl i g i  ble. Since asphalt absorption requirements are  
considered i n  the t e s t  for  Kc (section 3 4 ,  the estimated a i r  voids of 
15 percent i n  the mixture will actually be greater by an amount equiv- 
alent  t o  the volume o f  asphalt absorbed, i n  percent. This condition, 
i f  anything, provides an additional factor of safety. 

As an a1 ternate to  the use of the mathematical relationship, one 
may u t i l i ze  the design chart  shown i n  Figure 6 provided tha t  the 
assumptions used to  compute the chart are sa t i s f ied ;  i .e . ,  the specif ic  
gravity values (bulk dry) fo r  the coarse and f ine  aggregate fractions 
do not deviate beyond the l imits of 2.600 to  2.700. 

I f  the value t h u s  obtained for  f ine aggregate content is greater 
than 15 percent, a value of 15.0 percent shall be used. 

5.2 Compare the optimum fine aggregate content ( Y )  determined 
under section 5.1 to  the amount passing the No. 8 sieve of the contrac- 
t o r ' s  proposed job-mix formula. If  these values d i f fer  by more than 
plus o r  minus 1 percentage point, reconstruct a revised or  adjusted 
job-mix formula us ing  the value determined for  optimum f ine  aggregate 
content. Recompute the proportions of coarse and f ine  aggregates (as 
received) to  meet the revised job-mix formula for  submission to  the 
contractor. 

Note - If the proposed and revised job-mix gradations are  s igni f i -  
cantly different,  i t  may be necessary to rerun portions of this 
procedure. 



Assumptions Used i n  Der iv ing  C h a r t :  
Uc = 165.4 pcf  ( s p .  gr. = 2.650) 
U f  = 165.4 pcf  ( s p .  gr. = 2.650) 
U a =  62.4 p c f  (sp. g r .  =1.000) 

V =  15.0 p e r c e n t  

F i g u r e  6. De te rmina t ion  o f  Optimum F i n e  Aggregate  Con ten t  



Optimum MixSng Temperature 

6 , l  prepere # lOO.0 gramcsample b f  ,aggregate i n  the prrportIans 
determined under sectton 5. Mix t h f s  sample a t  the asphalt content 
deteml'ned under sectton 3.2 a t  a temperahre corresponding t o  an 
asphal t viscosity o f  800 centistokes determined under sectlon 2.3, When 
completely coated, transfer the mixture t o  a pyrex glass plate (8-9-In. 
diameter) and spread the mtxture w l t h  a minimum o f  manipulation, Return 
to the oven a t  the mixing temperature. Observe the bottom o f  the plate 
after 15 and 60 minutes. A s l i g h t  puddle a t  points o f  contact between 
aggregate and glass plate i s  sui tab1 e and desirable. Otherwise, repeat 
the test  a t  a lower mixing temperature, or higher i f  necessary. 

Note - If asphalt drainage occurs a t  a mixing temperature 
which i s  too low to provide for adequate drying o f  the 
aggregate, an asphalt of a higher grade should be used 
(AC-20 or AR-80). 

Resistance to Effects o f  Water 

7.1 Conduct the Immersion-Compression Test (AASHO T 165 and T 167) 
on the designed mixture. Prepare samples a t  the optimum mixing tern- 
perature determined in section 6.1. Use a mol dinq pressure of 2000 p s i  
rather than the specified value o f  3000 psi. 

After 4-day immersion a t  120 F, the index o f  retained strength 
shall not be less than 50 percent unless otherwise permitted. 

Note - Additives t o  promote adhesion that will provide adequate 
retained strength may be used when necessary. 



APPENDIX B 

DESIGN REPORT 



REPORT ON OPEN GRADED ASPHALT FRICTX ON COURSE DESIGN 

I . AGGREGATES : 

A. Proposed Propor t ions  (by weight) 

B. Proposed Job-Mix Gradation: 

S ieve  
S i z e  

S p e c i f i c a t i o n  
Limits 

Job-Mix 
Bl end 

C. Spec i f i c  Gravi ty  - U n i t  Weiqht 

I Bulk S o l i d  
Bulk Sp. Gr. Unit Weight 

Dry Basis PCF 
Apparent 
Sp. Gr. 

Coarse Aggregate 
(Retained No. 8 Sieve)  

Fi ne Aggregate 
(Passing No. 8 Sieve) 

3/8" - # 4 
Sieve  Frac t ion  



5. Void Capacity o f  Coarse Aggregate 

U n i t  Weight (Vibrated, PCF) = 

Voids Mineral Aggregate (VMA, %) = 

Kc Determination 

Oil Retention (g  oi l  per lOOg Aggregate) = 

Oil Retention (corrected, 2.65 Sp. Gr.) = 

Kc ( f rom chart) = 

2. ASPHALT 

A. Specific Gravity - U n i t  Weight 

Specific Gravity @ 77.0° F. = 

U n i t  Weight - PCF = 

B. Viscosity - Temperature 

Asphalt Grade = 

Temperature - O F .  

290 

Viscosity - CS. 

Target: ( - ) 



C. Asphalt Content (AC, %) 

AC (Aggregate Basis) = 

3. MIXTURE DESIGN 

A. Optimum Fine Aggregate Content ( Y )  

Using: Formula Chart 
I 

Where: X = PCF 

Uf = PCF 

U, = PCF 

- 
"a - PCF 

Find: Y = % 

Remarks : 

B. Optimum Mixi ng Temperature 

VMA = % 

I 

(Specs. ~ b m i t  5 s Y c 15) 

I 

Temperature - OF. Viscosity - c$. Drainage Use 

~ - 
I 

I - ~ 
~ - - 
I 
I 

I 

I I 

I 
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Maximum Specific Gravity of Mixture [AASHO T 

Specific Gravity (Vacuum Saturation) = I*-C1 

U n i t  Weight (Vacuum Saturation) = PCF 

Resistance t o  Ef fec ts  of Water (.AASHO T 165 & T 167, 2QQQ p s i )  

Air, Dry Strength (psi ) = 

Wet Strength (ps i )  - - 4 Days @ 120 F, 
IYI_ 

Retained Strength (%I = 50 % Minimum 

Air Voids (%) - - Bulk Volume by 
Dimensional Meas- 
urement 

Remarks : 

E m  Other Misc. Tests 



4. DESIGN SUMMARY 

A .  Aggregate Proportions [by Weight) 

B .  Job-Mix Grada tisn Percent Passing 

Sieve Size Job-Mix ' Blend 

C. Asphalt Content 

Aggregate Basi~s (%) = _I 

- 
Mixture Basis '($1 - 

D. Mixing Temperature 

Target Value ( F )  = 

F .  Recommendations 

Range 

E .  Additives 

Accepted Rejected 
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