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This report presents the results of a comparative laboratory study between 
well- and gap-graded aggregates used in asphalt concrete paving mixtures. A 
total of 424 batches of asphalt concrete mixtures and 3,960 Marshall and Kveem 
specimens were examined. 

There is strong evidence from this investigation that, with proper combina- 
tions of aggregates and asphalts, both continuous- and gap-graded aggregates 
can produce mixtures of high density and of qualities meeting current design 
criteria. There is also reason to believe that the unqualified acceptance of 
some supposedly desirable, constant, mathematical relationship between adjacent 
particle sizes of the form such as Fuller's curve p = 100 (d/D)n is not justi- 
fied. It is recommended that the aggregate grading limits be relaxed or 
eliminated and that the acceptance or rejection of an aggregate for use in 
asphalt pavement be based on individual mixture evaluation. 

Furthermore, because of the potential attractiveness of gap-graded asphalt 
concrete in cost, quality, and skid and wear resistance, selected gap-graded 
mixtures are recommended for further tests both in the laboratory and in the 
field, especially in regard to ease of compaction and skid and wear resistance. 
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Appendix A. Aggregate Sources and Petrography 

Lithographic limestone. Moscow quarry;  NW?: Sec. 8,  T78N, R2W, Muscatine 
County; operated by Wendling Quar r i e s ,  Inc., -Devonian age s tone  from 
t h e  Davenport member of  the  Wapsipinicon Formation; brown, mic roc rys t a l -  
l i n e  limestone. Dominant g ra in  s i z e  i s  l e s s  than 0.004 mm. 

Dolomitic l imestone. Ferguson quarry ;  SW?: Sec. 5, T82N, R17W, Marshall  
County; operated by Concrete Mate r i a l s  Division,  Martin-Marietta 
Corporation - Miss iss ippian  age s tone  from the  Eagle Ci ty  member of  t h e  
Hampton Formation; interbedded c l a s t i c  l imestones and ca lcareous  
dolomites;  g r a i n  s i z e  range is 0.01 nun t o  0.15 nun. 

Crushed and p i t - run  gravels .  Akron p i t ;  NWk Sec. 1, T92N, R49W, 
Plymouth County; operated by Himan Sand and Gravel Co. - Terrace - 
d e p o s i t  on t h e - ~ i ~ - S i o u x  ~ i v e r ;  approximately 65% igneous and q u a r t z i t e  
p a r t i c l e s  and 35% f ine-gra ined  l imestone p a r t i c l e s ,  

Concrete sand. Ames p i t ;  SEk Sec. 22, T84N, R24W, Story County; 
operated by H a l l e t t  Construct ion Co. - Ple is tocene  gravel  depos i t  i n  
t h e  Skunk River Valley;  the  318" X lj16 s i eve - s i ze  ma te r i a l  i s  over  
40% limestone p a r t i c l e s  and nea r ly  60% igneous p a r t i c l e s ,  the  $/I6 X i/100 
s i e v e - s i z e  ma te r i a l  i s  approximately 90% quar tz  and igneous p a r t i c l e s  
wi th  l e s s  than 10% carbonate p a r t i c l e s .  



Appendix B, Method For Compacting Marshall Specimens (Iowa Test Method 502-A, 

October 1969) 

Scope 

This method of test covers the procedures to be used in compacting 

asphaltic concrete utilizing the Marshall apparatus. 

Procedure 

A. Apparatus 

1. Specimen mold assembly consisting of a base plate, forming mold 

and collar extension. The forming mold shall have an inside diameter of 

4.0 - + 0.005 in., and a height of approximately 3 in.; the base plate 
and collar extension are designed to be interchangeable with either end 

of the forming mold. 

2. A specimen extractor for extracting the compacted specimen from 

the specimen mold. 

3. A mechanical compaction apparatus designed to drop a 10-lb. 

weight a distance of 18 in. and strike a 3-15/16 in. diameter compaction 

plate 50 times in a period of 55 + 10 sec. 
4. A compaction pedestal. 

5. An oven capable of maintaining a constant temperature of 275 

+ 5'F. - 

6. Thermometers (100 - 400°F range). 

7. Balance having a capacity of at least 1500 g and accurate 

to at least 1 g. 

8. Funnel with protuding prongs which fit inside the mold and are 

long enough to reach the bottom of the mold. 

9. Suitabl~ pans for heating the mixture. 

10. Specimen height indicator. 



11. Wax paper discs (4-in. diameter). 

B. Procedure 

1. Weigh into separate pans for each specimen the amount of asphaltic 

concrete required which will result in a compacted specimen 2.5 5 0.05 in.in 

height. This will normally be about 1200 g. It is generally desirable 

to prepare a trial specimen prior to weighing additional specimens. If the 

trial specimen height falls outside the limits, the amount of mixture used 

for the specimen may be adjusted as follows: 

Adjusted weight of mixture = 

2-5 (weight of mixture used) 

specimen height obtained 

2. Heat the pans of mix in the oven to a temperature of 275 5 5°F 

as checked by a thermometer with the bulb in the center of the mix sample. 

(a) When molding is in progress check the temperature at least once 

for each three pans of mix. 

(b)  Heat the mold, base, funnel and compaction plate in the oven 

for each specimen compacted. 

3. Place a wax-paper disc in the bottom of the mold. 

4. Place all of the mix that has been weighed out, in one pan, into 

the mold at one time by quickly inverting the pan into the funnel which is 

placed in the mold. 

5. Remove the funnel with a combination forward and backward 

rocking motion in an upward direction only. 

6. Spade the mixture with a spatula in an effort to embed any excess 

of coarse particles lying on the surface. 

7. Place wax-paper disc on the mixture. 

8. ['lace the compaction plate in the mold and position the hammer 

guide rod on the compaction plate. 



9. Apply 50 (or 75) blows of the compaction hammer. Remove the collar 

and compaction plate, invert the mold, and reassemble. 

10. Apply the same number of blows of the compaction hammer to the 

face of the reversed specimen. 

11, Place the mold in the specimen extractor and press out the 

finished specimen. Check specimen height. 

12, Allow the specimens to cool before further testing. 



Appendix C. Method For Determining The Bulk Specific Gravity of Compacted 

Bituminous Mixtures (Iowa Test Method 503-A, Nov, 1969) 

Scepe 

This method of test describes the procedure for determining the density 

(bulk specific gravity) of compacted bituminous mixtures. 

Procedure 

A. Apparatus 

1. Balance with a capacity of at least 2000 g and accurate to 

at least 0.1 g. 

2. Basket for holding submerged specimen in water, 

3. Water container large enough to conveniently place specimen in 

basket and completely submerge it without touching sides or bottom of container. 

4. Damp towel. 

B. Procedure 

1. I f  the specimens were recently molded in the laboratory, allow 

them to cool for at least two hours at room temperature after molding. 

2. Determine the dry weight qf each laboratory specimen to the 

nearest 0.1 g and record this weight. 

3. Use the same balance and carefully tare the weight of the 

basket suspended and completely submerged in water which is at 77OF (2S°C). 

4. Obtain the weight of each specimen while completely immersed in 

water and record to the nearest 0.1 g. Make certain that neither the 

specimen nor basket touches the sides or bottom of the water container. 

5. Surface dry the specimen by blotting quickly with a damp 

towel and determine and record this surface dry weight. 

C. Calculations 

Bulk Specific Gravity = A - 
B - C  



A = weight in grams of dry specimen in air. 

B = weight in grams of surface dry specimen in air. 

C = weight in grams of specimen while imersed in water. 



Appendix D. Mixingp Compaction and Test ing Procedures f o r  Pa r t  I ,  HR-157 

1. Separate  the aggregates  by dry s i e v i n g  i n t o  the  fol lowing f r a c t i o n s  

and Label properly:  + 3/4 in., + 1 / 2  in., + 3/8 in., + No. 4 ,  + No. 8, + No. 30, 

+ No. 50, + No. 100, + No. 200 and - No. 200 (on pan). 

2. Combine f r a c t i o n s  according t o  weight schedule (Form 157-2) i n t o  

pans and i n s e r t  thermometers i n  the blends. Place the pans i n  ovens or  on 

hot  p l a t e s  the n igh t  before mixing and hea t  t o  a temperature of 350 - 370°F. 

When hot  p l a t e  i s  used, a l /4-in.asbestos board w i l l  be used beneath the 

pan t o  prevent  l o c a l  over-heat ing and the  aggregates  w i l l  be covered. 

3. Transfer  a s p h a l t  from 5-gal cans i n t o  1-gal cans by hea t ing  

i n  oven a t  275'F t o  j u s t  f l u i d  enough t o  pour. Place enough a s p h a l t  (check 

weight schedule)  i n  oven a t  250-275'F the n i g h t  before  mixing. 

4. Turn on the pug-mill mixer hea ters  t h e  day before  mixing. 

5. P r io r  t o  mixing, check aggregate temperatures and record.  (Form 157-1) 

Transfer  a s p h a l t  from 1-gal can t o  a l a rge  pour can and hea t  t o  290-31O0F 

on a hot  p l a t e .  When a s p h a l t  reaches des i red  mixing temperature,  t r a n s f e r  

des i r ed  weight of a s p h a l t  i n t o  a ta red  pour can and main ta in  the temperature 

a t  290-310°F (record exac t  temperature).  

6. S t a r t  the mixer. Pour aggregates  a t  350-370°F i n t o  the mixer and 

dry mix f o r  10 sec.  Add weighed a s p h a l t  and wet mix f o r  30-45 s e c  or  u n t i l  

the a s p h a l t  is uniformly d i s t r i b u t e d .  

7. Discharge and measure the temperature of the mix and record.  

8. Immediately weigh o u t  1200 g from each mix f o r  t r i a l  s p ~ c i n ~ e n u  

while  maintaining the mixes a t  275O t 5°F. 

9. Compact the t r i a l  specimens according to  procedure i n  AppendixB. 

10. I f  the t r i a l  specimen he ights  f a l l  ou t s ide  the l i m i t s  of  2.5 + 0.05 in . ,  

the amount of mixture used f o r  next  13 specimens-per-mix w i l l  be ad jus ted  a s  

fo l lows:  



Adjusted wt of mixture (g) = 2,5 x 1200 
Specimen height obtained (in.) 

= 3,000 
Specimen height. abtained (in.) 

11. Immediately weigh out 13 (8) more batches from each mix into labelled 

small sample pans and place in oven at 275 5 5'F for compaction. 

12. Weigh out another 1000 g from each mix and label for Rice specific 

gravity determination. Discard the rest of mixtures. 

13. Compact a total of seven specimens by Marshall 50 blowsand seven specimens 

by Marshall 75 blows per mix following procedure in Appendix B, except 

specimen height will be measured after air cooled for at least 24 hours 

and prior to bulk specific gravity determination. 

14. Part I specimens will be designated by 5-digit code number: 

A-XX-X-X 

First digit: Part I, (A) 

Second and third digits: Batch No. (01-36) 

Fourth digit: Compactive effort = 1 (50 blows); 2 (75 blows) 

Fifth digit: Speoimen Po. (1-7)- 



Appendix E. I n d i r e c t  Tens i l e  Test  - Procedure 

1. Turn on Marshall Tes t e r ,  switch box, and recorder .  

2. P lace  specimen i n  mount and push ho r i zon ta l  t ransducer  cores  
a g a i n s t  t h e  specimen, Be su re  specimen i s  sea ted  properly.  

3. Adjust t h e  s t r a i n  recorder  (Brush) us ing  the pen b i a s  so t h a t  
t h e  pens a r e  a t  the  r i g h t  edge of  the  c h a r t  paper on both channels (zero) .  

4.  Adjust t h e  recorder  on Marshall  t e s t e r  t o  zero. 

5. Set  recorder  speed t o  25 nunfsec.; range on the  r eco rde r  
should be  s e t  a t  0.01 v o l t s / d i v i s i o n  on both channels.  

6. Se t  Marshall t e s t e r  range a t  10,000 l b s .  and apply load.  

7. I f  s t r a i n  recorder  pens jump over  before  any load i s  appl ied  
t o  t h e  specimen, quickly a d j u s t  the  pen back t o  i t s  proper  p l ace  on 
t h e  c h a r t  and make sure  t ransducer  cores  a r e  s t i l l  i n  contac t  wi th  t h e  
specimen. 

8. Turn s t r a i n  recorder  (Brush) o f f  when both v e r t i c a l  and 
h o r i z o n t a l  pens reach the  l e f t  edge o f  the  cha r t s .  

9. When Marshall t e s t e r  shu t s  o f f  (au tomat ica l ly)  push t h e  down 
but ton .  This  r e l e a s e s  t h e  load on t h e  specimen. 

10. Record t h e  specimen number on a l l  the  c h a r t s  used. 

11. Remove specimen and c l ean  t h e  apparatus fo r  the  nex t  specimens. 
f A  l i g h t  coa t  o f  o i l  on the  t e n s i l e  t e s t e r  w i l l  make i t  e a s i e r  t o  keep 
c lean .  ) 

2P lbs .  Tens i l e  s t r e n g t h  = - - m t  2 
P = maximum load ( Ibs . )  

i n .  d = diameter of  specimen ( inches)  

P (v  + 0.2732) 
t = th ickness  of  specimen ( inches)  

R e s i l i e n t  modulus = 
t H  

v = Poi s son ' s  r a t i o :  

hor izonta l  deformation 
v e r t i c a l  deformation 

H = t o t a l  ho r i zon ta l  d e f l e c t i o n  
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Note: 1). First digit in specimen No. indicates Laboratory where compacted: 

A = I.S.H.C., B = I.S.U. 

Second digit indicates mix No. 

Third digit indicates mold used. 

2). A11 I.S.H.C. compactions done on west Marshall compactor. 

3). Final 16 blows by hand. 

4). Cold extrusion. 

5 ) .  Sample crumbled when removed from specimen extractor. 

6 ) .  Overnight cooling in water may be attributed to difference in 

weight in air between laboratories. 



Appendix G - 1 .  Bituminous mix design da ta  by Marshall method - Ser ies  B. 

% AC % AC 
by vt. by rl. Bulk we. ~ L c s  wit P l a ,  

S ~ e c I o p ~  egg. mIx s p . 8 r .  . p . gr .  l itrvolda,  , S l s b l l l l y .  Ib 1". 
NO. CW,) (pa) , (G-~) (om) vv. 7. VUA, x PCP us... A*>.* (x  0.01) ura&tim 

-- 

("lndlrect teneile efrengfh, p s i ,  €or apeclmen No. 6 In each batch. 





Bituminous mix design data by Marshall method - Series B, continued. 

' A C  7.AC 
by "f. by "t. Bulk Avs. Rice uni t  PI.,", 

Specimm e88. mix en. s r .  ap. gr. ~ i r  voids, rt.. SLabIIity. Ib  In. 
NO. (Ha) (Gmb) tcm) v WA, x pcf new. M J . ~  ( X  0.01) o r a a a t ~ o n  

826 1 7.37 6.86 2.406 2.419 0.53 13.14 150.1 1430 
2 

24 8-30 
2.430 0.00 12.28 151.6 1860 22 

3 2.439 0.00 2050 21 11.95 152.2 
4 2.433 0.00 12.17 151.8 1980 
5 

20 
2.432 0. W 12.20 151.8 19W 21 

6 2.435 0.00 12.09 151.9 180.8 

827 1 5.13 4.88 2.426 2.467 1.66 1930 I7 10.56 151.4 
2 2.441 1.05 10.00 152.3 2805 I7 
3 2 . W  0.93 9.89 152.5 2755 18 
4 2.445 0.89 9.85 152.6 2935 
5 

18 
2.441 1.05 10.00 152.3 2600 

6 
17 

2.441 1.05 10.00 152.3 226.2 



Bituminous mix des ign  d a t a  by Marshall  method - S e r i e s  B, continued. 

. - . .- 
by rt. by rt. ~ u l k  rive. n lce  u n i t  Flor, 

S ~ c c l n s n  ass. mix sp. gr. sp.  gr. AIr voids. YL., S t e b i l l l y .  Ib, in. 
No. (wn) (p-) (%,) (Om) V.. % VUA, 7. pcf Haas. AdJ. (X 0.01) OradatLon 

838 1 6.00 5.68 2.405 2.425 0.80 11.50 150.1 2030 I6 A-8 
2 2.406 0.76 11.46 150.1 2900 13 
3 2.422 0.10 10.87 151.1 3009 13 
4 2.415 0.80 11.13 130.7 2850 15 
5 2.411 0.55 11.27 150.4 2592 15 
6 2.412 0.52 11.24 150.5 244.0 

839 I 3.35 3.24 2.393 2.521 5.06 9.66 149.3 4035 10 
2 2.307 8.47 12.90 144.0 3655 10 
3 2.330 7.56 12.04 145.4 3748 10 
4 2.306 8.51 12.94 143.9 3802 I 3  
5 2.314 8.19 12.64 144.4 3528 11 
6 2.310 8.36 12.79 144.1 262.0 

840 1 2.W 1.97 2.275 2.601 12.50 12.99 142.0 3325 8 
2 2.227 14.34 14.82 139.0 3072 8 
3 2.235 14.04 14.52 139.5 30W 8 
4 2.227 14.3b 14.82 139.0 2765 10 
5 2.238 13.92 14.40 139.7 2544 10 
6 2.232 14.15 14.63 139.3 150.6 

841 1 7.14 6.67 2.385 2.398 0.16 13.39 148.8 1950 16 A - I  
2 2.406 0.W 12.63 150.1 2600 14 
3 2.397 0.00 12.95 149.6 2600 I 5  
4 2.413 0.00 12.37 150.6 2985 13 
5 2.406 0.W 12.63 150.1 2735 14 
6 2.401 0.00 12.81 149.8 209.2 



Bituminous mix design data by Marshall method - Series B, continued. 

9. AC I A0 
by r r .  by ur. ~ u l k  AT.. ~i . .  unit  Flow. 

specllan egg. mix sp. gr. ap. gr. A I ~  voids, . s t s b i l i t v .  1bL 
NO. 

in. 
(Ha) P (Gmb) (Om). V v , X  YEU, X PC€ nea.. M1. ( x  0 .01)  ondation 



Bituminous mix design data by Marshall method - Series B, continued. 

l. AC Z AC 
by r e .  by wt. Bulk AT*. Rice Unit PI-, 

Specimen ass. mix  ap. gr. q.  gr. Air void., r e . ,  Skabil ity,  lbk in.  
No. IW,) (Gnb) (Om) Vv, % W, % P I  We.. M I .  ( X  0.01) GrdetIon 



Bituminous mix design data by Marshall method - Series B, continued. 

% AC X AC 
by n, by *, 8ulk A V ~ .  *tee unit RlW, 

8~aoiman egg. a i r  BP. 8'. SP. 81. AII voids, W f . ,  B f a b l l l t v , I b .  1". 
No. C!4J P (Gmbb) (G-) v", 7. W, 7. pet  naes. MJ. ( X  0.01) Grdatlon 



Bituminous mix design data by Marshall method - Series B, continued. 

7.AC 7.AC 
b y v l .  b y v t .  

8p~ciman q g .  mix 
No. (Us) (Pa) 

Bulk Avs. RIcs Unlt 
ap. g i .  sp. gr. Air volds,  It.. 

(cmb) (0,) V". 7. MU, 7. pcf 

Flow, 
8 fabi l l ty .  Ib In. 
Ilass. ~ 1 . ~  ( X  0.01) O.ld.tIon 

896 1 6.25 5.88 2.399 2.470 2.88 12.92 149.7 2808 16 C-P 
2 2.376 3.89 13.83 169.1 3360 15 



Bituminous mix design data by Marshall method - Series B, continued. 

.. ... .. ... 
by *I. by rr .  8vlk hve. ~ i r a  unit FLW, 

SpecI%%n egg. mix sp. gi .  sp.  gr. Air void.. rt., 8fabIIitv. Ib. in. 
NO. (We) (P-1 (C&) (C-) v..* VW, 7, pcf Xcas. MJ. ( X  0.01) Oradatloo 

898 1 4.02 3.86 2.299 2.573 10.63 14.76 143.5 3552 10 C-P 
2 2.271 11.72 15.80 141.7 3812 9 
3 2.268 11.84 15.91 141.5 3764 10 
4 2.261 12.11 16.17 141.1 5239 11 
5 2.260 12.15 16.21 141.0 2971 11 
6 2.246 12.71 16.73 140.2 211.8 



Bituminous mix design data by Marshall method - Series B, continued. 

DY W t .  hy ut .  Rulk Awe. Rice Uni t  Flow, 
Soeelman am.. m t r  np. gr. ap. 81. ALT voids.  . stebllity, lb. i n .  

NO. fWa) (Pa) (Gmb) (G-1 V,, % VWL, 7. p s f  Mess. ~ d d f .  IX 0.01) ~ r a d a f t o n  



Bituminous mix design data by Marshall method - Series B, continued. 
-- -- 

% AC 7. AC 
by vt. by W C .  Bulk Ave. Riea Unlt Blow, 

Speclnvn sg8. mlx sp. gr.  sp. 8r.  ALr voids. rt., ~tablltfy, lb in. 
NO. C W ~ )  ( )  (omb) ( G ~ )  vV. L vn*. x pet HLB.. ~ 1 . ~  ( X  0.01) ~ra6ettc.n 



Bituminous mix design data by Marshall method - Series B, continued. 
-. 

7. AC Z AC 
by v l ,  by w e .  Billk Ave. RLce Unl t  Plor. 

Sp"simen egg. nix sp.  gr. a n ,  gr. Air voids. "t., ""Ilt~, lbL i n .  
No. (Pa) (Gmb) CCm) Vv, 7. YHIP, I pef Hees. Ad& ( X  0.01) Gradsflon 



Bituminous mix design data by Marshall method - Series B, continued. 

Bulk 
'P. 8'. 

(@."b) 

StabllIty, tb, 
Heaa. Adj. 

Pla, 
I". 

( X  0.01) 

8151 1 6.00 5.88 2.393 2.442 2.01 16.08 149.3 2065 14 A-P 
2 2.393 2.01 16.08 149.3 3036 11 
3 2.395 1.93 16.01 149.5 3094 11 
4 2.369 2.99 16.91 141.8 2406 12 
5 2.373 148.1 2525 12 - 
6 2.393 2.01 12.12 149.3 292.0 



Bituminous mix design data by Marshall method - Series B, continued. 

I. AC % AC 
by w t .  by et .  Bulk Avo. Rtes U n i t  PI-. 

Specimen agg. m ~ x  ep. gr. sp. gr. A I ~  wid. ,  
N m .  (Ua) P (Gmb) (Om) Vv. X W. X pol ( X  0.01) Ol.d.tlon 

-- 



Appendix G-2. Bituminous mix design data by Hveem method - Series B. 

7 A Z AC 
by ut ,  by vt.  Bulk Me.  R I e s  UniC 

specclnnn age. n i x  sp. ~ r .  ap .  ~ r .  11r voids, w t . .  nvem Dohesicmeter 
No. (We) P (Gmb) CC-1 Vv. 7. VWI. I pcf s l a b t l l t y  valve Gradation 



Bituminous mix design data by Hveem method - Series B, continued. 
. . -- 

7. AC 7. AC 
by Y I ,  by ut. Bulk live. RLes Untt 

speclinen ~ K R .  m i x  sp .  ~ r .  BP. ST. 111. Y O I ~ B ,  w e . ,  weem m h a e l o m t e r  
No. (We) (Gmb) (Om) Vv. 9. 1?V\. 7. per a t e b i i l t y  value Gredetlon 

P 

" 0 2 3 7  4.24 4.07 2.397 2.504 A.27 10.91 149.6 111.8 135 C-LOO& 
8 2.403 4.03 10.69 149.9 46.1 155 
9 2.402 4.07 10.72 149.9 45.6 149 

n " 2 ~  7 2.90 2.82 2.282 2.567 11.10 14.08 142.4 51.0 156 
8 2.304 10.25 13.25 143.8 50.7 148 
9 2.281, 11.03 14.00 142.5 50.0 169 

11025 7 5.13 4.88 2.420 2.475 2.22 10.81 151.0 35.6 I52 
8 2.412 2.55 11.11 150.5 33.9 163 
9 2.428 1.90 10.52 151.5 30.0 167 

DO26 7 7.37 6.86 2.42b 2.419 0.00 12.49 151.3 1.7"' 138 8-30 
8 2.414 0.21 12.85 150.6 0.5(*' 114 
9 2.425 0.00 12.46 151.3 0.3") 132 

1 1 0 2 7 1  5.13 4.88 2.445 2.461 0.89 9.86 152.6 9.3(') 184 
8 2.448 0.77 9.15 152.8 10.6"' 165 
9 2:446 0.85 9.82 152.6 10.3") 164 

8028 7 6.25 3.88 2.431 2.440 0.37 11.32 151.7 3.lC0) 152 
8 2.432 0.33 11.28 151.8 2.7") 130 
9 2.431 0.37 11.32 151.7 2 . 1 ~ ~ )  143 

R029 7 4.00 3.86 2.428 2.536 4.26 9.52 151.5 36.9 230 
8 2.434 4.02 9.30 151.9 36.0 182 
9 2.418 6.65 9.10 150.9 44.8 167 

8030 7 3.00 3.03 2.376 2.697 11.90 10.70 148.3 . 55.5 192 
8 2.361 12.24 11.04 147.7 61.7 169 
9 2.368 12.20 10.99 147.8 55.5 1% 

803, 7 5.00 4.68 2.432 2.476 1.18 9.59 151.8 19.1 179 A-3OL 
8 2.433 1.74 9.55 151.8 24.1 165 
9 2.441 1.41 9.25 152.3 23.6 144 

~ 0 1 2  7 3.35 3 2  2.391 2.539 5.68 9.77 149.2 35.4 163 
8 2.382 6.04 10.11 148.6 48.3 156 
9 2 . X 9  7.34 11.35 146.6 51.6 168 

no33 7 7.00 6.47 2.398 2.421 0.95 12.53 149.6 2 . 0 ( ~ )  125 
8 2.420 0.04 11.72 151.0 3.9") 75 
9 2.417 0.17 11.83 150.8 6.8"' 141 

8014 7 6.00 5.68 2.425 2.61b 0.31 10.79 151.3 11.9 193 
8 2.408 1.07 11.42 150.3 30.8 232 
9 2.426 0.33 10.76 151.4 27.6 244 

8035 7 4.00 3.86 Z.&l6 2.520 4.13 9.41 150.8 42.7 186 
8 2.421 3.85 9.15 151.2 50.5 266 
9 2.407 4.48 9.15 150.2 46.3 232 

8016 7 5.00 4.68 2.420 2.418 0.00 10.00 151.0 26.7 173 A-8 
8 2.417 0.04 10.11 150.8 50.5 212 
9 2.430 0.00 9.63 151.6 26.1 168 

8037 7 4.24 ir.07 2.314 2.454 3.26 L1.14 148.1 50.5 151 
8 2.376 3.23 11.07 148.3 50.5 147 
9 2.397 2.32 10.28 149.6 52.9 111 

RO38 7 6.00 5.68 2.429 2.425 0.00 10.61 151.6 15.0 112 
8 2.i27 0.00 10.69 151.4 17.3 105 
9 2.428 0.00 10.65 151.5 11.9 185 

8039 7 3.35 3.24 2.369 2.521 6.03 10.56 147.8 55.5 169 
8 2.349 6.82 11.32 142.6 49.3 111 
9 2.386 5.36 9.92 148.9 50.5 156 

8 0 6 0 7  2.00 1.97 2.283 2.600 12.19 12.68 142.5 63.4 124 
8 2.280 12.31 LZ.79 142.3 58.4 ' 135 
9 2.283 12.19 12.68 142.5 65.3 126 

"041 7 7.lh 6.61 2.407 2.389 0.00 12.59 150.2 11.8 98 A - 1  
8 2.406 0.00 12.63 150.1 10.3 83 
9 2.408 0.00 12.55 150.3 11.2 96 

8042 7 5.80 5.41 2.410 2.426 0.66 11.36 150.4 13.2 156 
8 2.404 0.91 11.58 150.3 19.0 215 
9 2.414 0.50 11.21 150.6 20.2 177 

"fib3 7 3.00 3.03 2.321 2.529 8.23 12.43 144.8 54.1 154 
8 2.299 9.10 13:26 143.5 55.5 139 
9 2.315 8.46 12,65 144.5 56.9 130 

g L 4  7 &.Zb 4.07 2.353 2.552 7.80 12.17 146.8 50.5 214 
8 2.359 7.56 11.95 147.2 52.9 198 
9 2.363 7.61 11.80 147.5 55.1 206 



Bituminous mix design data by Hveem method - Series B, continued. 

7 . K  9 ° K  
hY Y', hy ut. Bulk Avo. RLca Unit 

spec~mcn as:$, m ~ x  sn. pr. a p ,  gr. htr voids. WI.. nvcem coheai'oineter 
No. 1 1 '  C\,) (C-1 V,,. % W. Z pef  a t o b l l l t y  valve Gradelien 



Bituminous mix design data by Hveem method - Series B, continued. 

% AP % AC 
by w,. by ut. R S ~ L L  ~ v e .  Riee  "rift 

Sondnr8) "80.  mix sp. l r .  BP. gi. A<' w t . .  Hvamm Cohrelarnoter 
No. (WJ P (Cmb) (dm) Vv, % W, % P C F  s r a b l l l l y  veluc Gradation 



Bituminous mix design data by Hveem method - Series B, continued. 

i hC 7. A< 
h" ", . b y  "t. Rilih AVO. R ice  0 " l i  

SPCC!,%,~II npp,. c n I x  s p . g r .  1 p . 8 ~ .  A l r v o i d ~ .  wi.. llveen Csheelomtcr 
*,. < S o l  CI 'J  (Cmh) (Cm) Vv, z YHA, 7. P C ?  etablllty vs1ue Cradeklon 

314 R-8L 
276 
212 

171 
178 
209 

244 8-30!, 
196 
267 

188 
199 
206 

222 
196 
189 

280 
264 
299 

220 
260 
249 

226 C-P 
273 
274 

144 
175 
200 

248 
182 
246 

269 
218 
242 

194 
173 
217 

103 B-B 
86 
LOO 

95 

LOO 

149 
135 
138 

84 
11s 
95 

144 
152 
204 

250 A-8L 
290 
181 

204 
2% 
111 

L 54 
138 
169 

111 
117 
111 

209 
I85 
L84 



Bituminous mix design data by Hveem method - Series B, continued. 
- 

2 hi: Z hC 
l h i '  w e .  l i y  w t .  8l81k Avr. ~ l c c  l l n l f  

Si'ritnc.a nns. n l x  a p . ~ r .  r p . y i .  
NO. 

"t.. nvenn 'Co1l~aionlt.r 
W ,  P )  I\,,) Km,> Vv,  7" VMA, 7. pcf ~ t n h l i l f y  Y B L O ~  Crad1110~~ 
.. 

" I l l 7  t1.00 3.85 2.30b 2.517 9.89 13.76 162.9 53.5 
8 

I03 
2.319 

11-100,. 
9.31 13.17 14a.8 46.3 

9 2.326 9.03 12.91 146,7 52.1 
198 
I84  

0 2 1 2 7  3.13 1.21 2.249 2.638 16.10 15.25 160.3 54.1 
8 

164 
2.256 13.R3 14.99 L(0.8 69.6 

9 
180 

2.167 13.41 1b.57 141.5 52.6 157 

"113 7 6.89 6.6,. 2.418 2.1126 0.31 11.90 150.9 30.0 
8 

I78 
2.t116 0.50 12.05 150.6 17.9 

9 
170 

2.421 0.21 11.80 151.1 19.5 196 
R l i '  7 6.00 5.66 2.407 2.136 1.11 11.58 150.2 24.5 

8 
227 

2.411 0.9A 11.63 150.5 22.0 
9 

216 
2.409 1.03 11.50 150.3 23.7 172 

R l l 5 7  11.89 6 6  2.399 2 1 6 ~ 6  2.32 10.93 149.1 3'1.6 
R 

205 
2.411 1.83 10.49 150.5 38.5 206 

9 2.k06 2.01 10.67 150.1 35.1 190 

" 1 1 6 7  1.16 3 7 5  2.329 2.604 10.56 12.86 1b5.3 52.9 189 c-81. 
8 z.33n 10.52 12.83 l i i5.b 48.6 205 
9 2.293 11.94 1L.21 143.l 52.b 195 

n i I 7 I  6.71 6.29 2.639 2.633 0.00 11.62 152.2 2.3''' 135 
8 2.439 0.00 11.62 152.2 3.0") 165 
9 2.b39 0.00 11.62 L I i . 2  3.1(*) 118 

I3 I187  4.03 1.87 2.359 2.578 8.50 12.31 147.2 51.4 233 
8 2.316 10.16 13.91 14ir.S 50.2 i 54 
9 2.332 9.56 11.31 145.5 45.9 187 

R1197  ' 6.04 5.70 2.410 2.445 0.61 11.39 151.6 3 . 0 ~ ~ '  101 
8 2.1132 0.53 11.12 151.8 5.5(*) 85 
9 2.431 0.69 (1.28 151.8 4.8(*' 130 

R i Z O 7  (1.10 h.49 2.430 2.555 4.89 10.25 151.6 28.5 239 
8 2.434 4.74 10.10 151.9 26.2 183 
9 2.d40 4.50 9.88 152.3 29.9 149 

8 1 2 1 7  3.11 3.04 2.329 2.609 10.73 12.03 1A5.3 42.5 172 A-414 
8 2.309 11.50 12.78 144.1 41.0 149 
9 7.315 11.27 12.56 144.5 50.3 191 

8 1 2 2 7  9.92 4.69 2.401 2.178 3.03 10.78 169.9 47.0 206 
8 2.388 3,61 11.34 149.0 50.8 238 
9 2.366 4.52 12.15 147.6 4 . 6  195 

8 1 2 3 7  6.04 5.70 2.626 2.421 0.00 10.88 151.4 11.9 205 
8 2.>26 0.00 10.88 151.4 19.1 261 
9 2.429 0.00 10.77 151.6 12.7 162 

D l 2 4 7  4.03 3.87 2.351 2.506 5.95 11.73 147.1 44.6 286 
8 2.379 5.35 11.17 148.0 50.9 214 
9 2.370 5.07 10.91 168.5 48.4 273 

n l 2 5 7  6.71 6.29 2.430 2.401 0.00 11.29 151.6 9.7"' 211 
8 2.417 0.00 11.77 150.8 9.1''' 217 
9 2.412 0.00 11.95 150.5 19.8 202 



Bituminous mix design data by Hveem method - Series B, continued. 

% hC 1. AC 
by wi. by u t .  Bulk live. Rice $ i n i t  

Snrclmen agp,. = < x  ao. gr. ap .  yr. Alr volda. ~ t . ,  ""*em Cohoaiom~ter 
No. CUJ (Pa) (amb) (Om) Yv. % vn*, 7, pef s t a b l l l r y  value Gredaflon 

-- 
Dl33 7 k.02 3.90 2.277 2.566 11.26 15.58 142.1 56.6 I85 C-8 

8 2.299 10.40 14.76 1ii3.5 49.1 200 
9 2.307 10.09 14.41 144.0 51.9 194 

R l l i 7  4.9, 4.70 2.369 2.527 6.25 12.90 147.8 43.1 235 
8 2.375 6.02 12.68 1b8.2 49.9 256 
9 2.362 6.53 13.16 147.4 39.9 26 I 

ill35 7 3.13 3.00 2.314 2.186 10.52 13.40 La .4  38.5 198 
8 2.305 10.87 13.74 163.8 48.9 106 
9 2.306 10.83 13.70 143.9 52.4 133 

8136 7 6.90 6.66 2.418 2.422 0.16 11.51 150.9 12.8 198 A-1OOL 
8 2.419 0.12 11.74 150.9 14.2 177 
9 2.427 0.00 11.18 151.4 14.7 130 

"131  7 4.01 3.85 2.359 2.481 b.92 11.26 147.2 43.6 170 
8 2.368 4.56 10.92 147.8 48.7 133 
9 2.382 3.99 10.40 148.6 51.2 215 

Ri38 7 6.01 5.67 2.406 2.1127 0.86 11.21 150.1 27.1 148 
8 2.413. 0.58 10.95 150.6 27.5 161 
9 2.412 0.62 L0.98 150.5 39.2 173 

RL39 7 4.68 4 7  . 2.372 2.455 3.38 11.35 148.0 41.6 154 
8 2.392 2.57 1 . 6  149.3 ' 40.8 237 
9 2.805 2.04 10.11 150.1 42.4 228 

8160 7 3.12 3.02 2.341 2.534 7.62 11.18 146.1 49.9 198 
8 2.340 7.66 11.22 146.0 55.0 176 
9 2.320 8.44 11.97 144.8 54.3 275 

R 1 4 1 1  6 4  6.(#9 2.415 2.428 0.54 12.13 150.7 25.2 I76 A-4 
8 2.411 0.70 12.28 15Q.4 26.0 157 
9 2.424 0.16 11.80 151.3 29.7 211 

"1427  4.25 4.08 2.394 2.505 4.43 10.65 149.4 45.1 183 
8 2.362 5.71 11.84 147.4 66.2 162 
9 2.399 6.23 10.46 149.7 51.3 166 

R l 4 3 7  6 0  5 . 7 0  2.439 2.440 0.04 10.51 152.2 12.5 212 
8 2.429 0.45 10.87 151.6 15.2 186 
9 2.435 0.20 10.65 151.9 11.1 186 

814" 7 3.36 3.21 2.347 2.562 8.39 11.64 146.5 55.1 202 
8 2.320 9.45 12.66 144.8 45.9 190 
9 2.342 8.59 11.83 141.6 45.9 169 

RE45 7 4.92 4.69 2.401 2.493 3.69 10.96 1119.8 43.8 21C 
8 2.426 2.69 10.03 151.4 37.0 260 
9 2.414 3.17 10.48 150.6 50.0 297 

"116 7 6.00 5.lC 2.436 2.469 1.34 L1.44 152.0 7.9Ce) 193 C-30L 
8 2.446 0.93 11.08 152.6 13.6 198 
9 2.439 1.22 11.34 152.2 14.3 203 

" 1 4 7 7  L.10 6 .10  2.260 2.563 11.75 16.45 141.0 65.5 1&6 
8 2.267 L1.48 16. 141.5 47.5 152 
9 2.252 12.07 16.74 140.3 51.7 175 

n l 4 8 ,  3.40 1.20 2.253 2.632 14.40 15.92 140.6 55.6 125 
8 2.245 14.70 16.22 140.1 48.8 161 
9 2.229 15.31 16.82 139.1 60.4 118 

8149 7 7.00 6.50 2.422 7.447 1.02 12.70 151.1 13.8 187 
8 2.Y25 0.90 12.59 151.3 11.7 215 
9 2.429 0.74 12.&5 151.6 9 . 7 ( 4  201 

EL507 1.00 4.68 2.341 2.552 8.27 13.98 146.1 43.2 227 
8 2.339 8.35 i4.05 146.0 43.1 174 
9 2.343 8.i9 12.90 146.2 '16.2 225 

1 6.00 5.88 2.422 2.i42 0.80 11.06 151.1 18.8 192 A-P 
8 2.428 0.57 10.84 151.5 18.5 189 
9 2.403 1.60 11.76 149.9 21.9 212 

111121 5.00 4.68 2.410 2.488 3.14 9.80 150.4 40.5 238 
8 2.387 4.06 10.66 148.9 37.2 106 
9 2.384 4.18 10.77 118.8 16.4 183 

11$1,1 7 7.00 6.41 2.617 2.401 0.00 11.80 150.8 2.6") 163 
8 2.007 0.00 12.16 150.2 0.7(") 152 
9 2.612 0.00 i i .98 150.5 &.9(8) 171 

i i i 1 6 1  6.00 3.86 2.359 2.525 6.57 31.51 147.2 36.0 211 
8 2.374 5.98 10.95 148.1 39.5 236 
9 2.368 6.22 i i . i 8  1477. 41.9 251 



Bituminous mix design data by Hveem method - Series B, continued. 

7. A Z AC 
by ut. by vt .  ~ u l k  Ave. Rice untt 

Sperimen "8s. n l x  s p .  8r. a p .  gr. Alr voldr.  w f . .  HVcem MheaiQneter 
No. (W") (Pa> (Cmb) (Cm) V v 3  7. WA, 7. PC€ aeabilify v.1~~ Gradatton 





Bituminous mix design data by Marshall method - Series C, continued. 

9. AC I AC 
by vt. by vt. ~ v l k  Avs. Rise Unit  P l a ,  

specimen -8. m1x sp.  gr. sp. gr. mr voids. vr,, 8 b i l a  1 1.. 
No. (Urn, P a  (Gmb) (em> $, 7. VM, I pcf We... Mf. ( X  0.01) Gradallon 



Bituminous mix design data by Marshall method - Series C, continued. 

X AC % AC 
by xt. by vl. Bvlk Ave. R ~ O B  Unit Plm. 

Speeimn ens. mix 9 .  8 .  ap. gr. Air voids. . ~ f a b i l i f y ( ~ ) .  Lb, in. 
No. (Pa) comb) CCm) Vv, 7, IIUL, % pef Wses. M1. ( X  0.01) 0redsLi.n 



Bituminous mix design data by Marshall method - Series C, continued. 

I AC i AC 
by r e .  by i t .  Bulk Ave.  tea u n i t  ?la. 

specimen egg. mlr ap. gr. IP. gr. ~ t r  votds. w t . .  8 b l l l v ' ,  1 tn. 
NO. a )  ( 1  (cmb) Corn) v r WA. r p e l  nsee. MI. ( X  0.01) w.d.tien 



Bituminous mix design data by Marshall method - Series C, continued. 
-. 

7, AC 7. AC 
by uL. by ul. Bulk Avo. RIee Unit  ? l a .  

8pacImm egg. nix ap. gr. sp.  gr. ~ t r  voids, rr.. ~ t a b ~ l ~ t v ( ' ) .  i n .  
no. (V,,) (P*) (Cm) V", 7. w, 1 ~ s e  nee*. MJ. ' ( X  0.01) cradat~on (Ornb) 

-- 



Bituminous mix design by Marshall method - Series C, continued. 

Z AC 1. AC 
b y  u t .  by r c .  Bulk Avs. Rlcs ""It Pla, 

~pneincn ngp. mix ap. gr. ap. ar. A t r  voids. r r . ,  ~tsbititY('). ~ b ,  so. 
No. (We) P a  (Gmb) CCm) VVs 7. YWA, 7. p c f  Noes. MJ. ( X  0.01) QrderIon 



Bituminous mix design by Marshall method - Series C, continued. 

- 
7 AC I. AC 

hv Y t .  by we.  Bulk Aue. RL$* Unlf F l a ,  
specimen n.8. mix sp. g r .  ap. gr.  A L ~  voids .  we. .  8tabillcy('), ~b,  tn. 

No. P (Gmb) CCm) Vv. % VH*, i pcf Weaa. M I .  ( X  0.01) ~radstio~ 
- .- - 

C73 I 3.33 3 23 2.310 2.573 10.20 13.05 144.1 
2 

3150 
2.249 

11 8-8L 
12.58 

3 
15.35 140.3 

2.242 
2750 19 

4 
12.85 15.61 139.9 2950 

2.261 
9 

12.11 
5 

14.90 141.1 2700 
2 . 2 a  

10 

6 
12.77 15 54 140.0 2450 

2.254 
11  

12.38 15. I6 140.6 202.1 
C74 1 7.33 6.83 2.399 2.393 0.00 

2 
13.M 149.7 

2.396 
1500 26 

0.00 
3 

13.17 149.5 1500 
1.399 

26 

4 
0.00 13.M 149.1 1500 26 

2.397 0. W 
I 

13.14 149.6 1600 
2.397 

25 

6 
0.W 13.14 149.6 1500 27 - - - - - 



Bituminous mix design by Marshall method - Series C, continued. 

7. AC % K 
by rt. by v t .  Bvlk Ave. ~ l e s  Unit Plm, 

S P D C i M "  egg. mix sp.  gr. ap. gi.  Air Toid.. rr.. ~fabiiif"(~). 1b. in. 
No. (Wa) P )  (Gmb) (Om) V", 1 W, % pie( Weas. Adl  (X 0.01) crd.tion 



Appendix H-2, Bituminous mix design data by Hveem method - Series C. 

nut* A"*. Rice 
ap,  gr.  ep. gr. Air voids.  

ccmb) (Gm) V,, 7. YM. % 

""it 
"t.. meen 

PCF s t s b i l i t y  
Cohesiomter 

velva Gradation 

236 C-1WL 
202 
258 

157 
207 
207 

76 
127 
111 

231 
268 
191 

167 
115 
116 

193 B-P 
238 
225 

240 
231 
256 

139 
228 
208 

162 
208 
197 

207 
289 
279 

198 8-8 
147 
184 

223 
242 
244 

181 
262 
195 

234 
227 
225 

152 
182 
123 

I79 A-4 
248 
192 

193 
I22 
I38 

73 
104 
127 

133 
167 
158 

123 
187 
181 

206 A-100 
275 
140 

( ' ) ~ x f r e p o l ~ e e d  nfeb i l l ty  ualoea (fro. Log pV - lo8  P plo t s ) .  h 



Bituminous mix design data by Hveem method - Series C, continued. 

7. AC 7. Ac 
b y  "l. by V l .  

SpesInEn egg.  mix 
M. W") (P.) 

Bulk Ave. Rice 
8 ~ .  ~ r .  ep. g r .  ~ i r  voids,  

'Gmb' (em) V 7. VMA, % 

U"1t 
~ t . .  we- @hesiometer 
DCf Blsbtlit). v.1ue 



Bituminous mix design data by Hveem method - Series C, continued. 

% AC X AC 
by r c .  by r t .  Bulk Ave. Rlcs UnIt 

8 p e c ~ m n  egg. mIr s p . 8 r .  s p . 8 r .  Airvolds.  wt. ,  was. Oohsa1ml.r 
no. (q) (P.) (Gmb) V+ % YWI, 1. P C ~  I I I  value 0r .datlon 

C67 7 3.13 3.04 2.268 2.149 11.02 14.00 141.5 61.8 50 A-Q 
8 2.290 10.02 13.16 143.0 70.3 125 
9 2.268 11.02 14.00 141.5 63.1 86 

C68 7 6 2  5.89 2.387 2.416 1.19 2 . 5  149.0 49.7 I N  
8 2.393 0.94 11.93 149.3 47.4 124 
9 2.388 1.15 12.11 149.0 40.1 89 

C69 7 6 .  6.29 2.380 2.393 0.13 12.78 148.5 1 . 3 ~ ~ )  68 
8 2.384 0.36 12.63 148.8 6.8::; 68 
9 2.390 0.11 12.41 149.1 8.1 lo* 

C70 7 4.00 3.87 2.359 2.465 4.28 11.31 142.2 68.5 I73 
8 2.340 5.05 12.03 145.9 68.9 163 
9 2.352 4.56 11.58 146.8 67.7 152 

C71 7 5.56 5.26 2.423 2.W9 1.06 10.71 151.2 19.2") 52 8-8s 
8 2.416 1.34 10.97 150.8 17.6 143 
9 2.423 1.06 10.71 1 5 2  11.9") 113 

C72 7 4.14 4.26 2.387 2.533 5.75 11.11 148.9 31.0 142 
8 2.375 6.22 11.56 148.2 48.5 130 
9 2.375 6.22 11.56 148.2 49.1 120 

C73 7 3.33 3.23 2.280 2.571 11.37 14.18 142.3 60.0 82 
8 2.287 11.10 13.92 102.7 67.9 120 
9 2.280 11.37 14.18 142.3 60.3 51 

c74 7 - 7.33 6.83 - 2.393 - - - 
8 2.390 0.11 13.39 t49.1 ;.9(*) 76 
9 2.375 0.74 13.93 148.2 3.7(*) 71 

CIS 7 6 .W 5.66 2.401 2.429 1.16 11.90 149.8 22.1 98 
8 2.415 0.58 11.38 150.7 29.9 I52 
9 2.403 1.08 11.82 149.9 55.1 149 

C76 7 6.24 8 2.365 2.411 1.91 12.91 147.6 40.5 131 A-1WL 
8 2.363 1.99 12.98 147.1 51.5 120 
9 2.359 2.16 13.12 147.2 56.2 149 

C77 7 4.90 4.67 2.377 2.426 2.03 11.35 148.3 49.0 129 
8 2.375 2.11 11.42 148.2 69.1 111 
9 2.374 2.16 11.46 148.1 45.5 I09 

C78 7 2.90 2.81 2.286 2.561 10.74 13.08 142.6 15.0 90 
8 2.262 11.60 3 . 9 9  141.1 55.0 107 
9 2.256 11.91 11.22 140.8 45.8 88 

C79 7 7.13 6.65 2.353 2.406 2.20 14.06 146.2 53.0 108 
8 2.358 2.00 13.88 147.1 52.2 82 
9 2.352 2.24 14.10 1 6 8  53.4 76 

C80 7 4.23 4.06 2.359 2.469 4.46 11.45 147.2 59.4 I36 
8 2.145 5.02 11.98 146.3 60.2 134 
9 2.351 4.78 11.75 146.7 65.5 129 

C81 7 5.02 4.86 2.357 2.490 5 , s  12.71 147.1 63.4 182 C-30 
8 2.363 5.10 12.49 147.5 65.9 172 
9 2.367 4.94 12.34 147.7 63.1 1 M  

C82 7 7.14 6.67 2.395 2.422 1.11 13.90 149.4 28.0 88 
8 2.391 1.28 14.04 149.2 34.5 85 
9 2.391 1.28 l 4 . N  149.2 26.7 94 

C83 7 4.02 3.86 2.336 2.142 8.10 13.49 145.8 60.3 I62 
8 2.318 8.81 14.16 114.6 67.1 114 
9 2.319 8.77 14.12 144.7 62.7 144 

C84 7 6 0  5.68 2.368 2.448 3.27 13.96 147.8 46.7 141 
8 2.386 2.53 13.31 148.9 14.0 I26 
9 2.371 3.15 13.85 147.9 54.7 110 

C85 7 3.35 3.24 2.271 2.561 11.09 15.13 142.1 61.2 129 
8 2.287 10.76 14.76 142.8 65.7 102 
P 2.272 11.28 15.32 141.8 64.5 100 



(')lndireef tensile alrength, psi, for .welmn NO. 6 in eeeh batch. 



Bituminous mix design data for Marshall method - Series D, continued. 

by w e .  by W l .  Bulk A"*. Rice ""Sf P l a .  
Spoclrnen epp. n i x  sp. 8r.  ev.  gr. *tr volda. rt., S t s b l t l t y .  Ib,  In. 

Uo. (WJ P (G,",,) CC-) V+ 7. W, % ' pcf Wees. Ad$. f X  0.01) Crndntlm 



Bituminous mix design data for Marshall method - Series D, continued. 

?. *C % AC 
by rr.  by r r .  ~ u l k  AM. Rlee unit  la, 

%+eclnen npg. nix sp. 8,. ep. gr. Air voide. . s tnbl l l r  lb In. 
No. U s  P (dmb) (Om) v,., % W A ,  Z pef  ( X  0.01) CradatLon 

I I  C-IW 
I2 
10 
I? 
11 

257.8(') 



Bituminous mix design data for Marshall method - Series D, continued. 

I AC 7. AC 
by K. by rt. 8ulk A=. Rice unit ?I-, 

.pecinm mgs. mix sp. gr. sp. gr. Air Mid8. in. 
No. CW*) P comb) (Om) Vv, X V M ,  1 pef (X 0.01) 0rad.tla. 

C-P 



Bituminous mix design data for Marshall method - Series D, continued. 

7. AC 'L AC 
by vl.  by vt.  Bulk A n .  ~ L c s  Unlt FIm, 

8pBeimen em. mix sp. 8s. eq. at. Air void.. 
NO. (Us) (Pal (Cmb) (Om) Vv, % W, 7. pet (X 0.01) o r & t l a  

13.66 146.0 IBW 
13.26 146.6 2250 
14.11 145.1 m50 
13.59 146.1 1950 
13.59 148.1 1MO 
14.11 145.2 3100 



Bituminous mix design data for Marshall method - Series D, continued. 
Z AC Z AC 

by ut. by v t .  ~ u l k  A=. uce Unlr  la, 
Spcclnen s8g. mix np. gr. sp. gr. A I r  voids. Yf..  Slebl l l ty .  Ib In. 

NO. CW*) I (cmb) ( G ~ I  vV, z VM. z pcf mas. A ~ J :  ( X  0.011 e m d a t ~ ~ n  

A-P 



Bituminous mix design data for Marshall method - Series D, continued. 

2 AC X AC 
byvt. h y r r .  ~ u l k  ~ m . ~ l o e  U n i t  Plw.  

8 p ~ c I a n  egp. m i x  . p .g r .  s p . g r .  A l r m l d s ,  , , S t a b l l l t y .  I b  in. 
No. W P (0&) 'Om' g ,  % MU. I. pcf Ueeo. lid>: ( X  0.01) O t a 6 . t l ~  

DB3 1 4.02 3.86 2.464 2.501 1.28 10.39 152.5 2400 I 1  A-M 
2 2.441 2.40 10.50 152.3 31W I 3  
3 2.422 3.16 11.19 151.1 2750 11 
4 2.415 3.44 11.45 150.7 2550 13 
5 2.428 2.92 10.97 151.5 2POO 
6 2.425 3.04 11.08 151.3 6650 
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Appendix 1-2. Bituminous mix design data by Hveem method - Series D. 

X AC X kc 
by we. by vt .  Bulk Aue. Rlcd Unit 

Speclmen e88. mix sp.  gr. sp. gi .  A i r  volde, w t . ,  Ween C0heaiomst.r 
No. CUn) P (Omb) (Om) Vv. % W, % p e t  rctebil lry valve Gradation 

mi 7 6.03 5.69 2.452 2.447 0.00 11.81 153.0 o.o(@) 51 A - I  
8 2.439 0.37 12.27 112.2 0.4") 66 
9 2.053 0.W 11.77 153.1 1.6") 88 

mZ I 4.02 3.86 2.425 2.523 3.88 11.08 151.3 42.6 113 
8 2.434 3.53 10.75 151.9 42.3 93 
9 2.449 2.93 10.20 152.8 31.3 120 

W3 7 6.70 6.28 2.429 2.439 0.41 13.20 151.6 0.0(*) 72 
8 2.434 0.20 13.00 151.9 1.5") 85 
9 2.437 0.08 12.90 152.1 6.9") 65 

M4 7 2.90 2.82 2.356 2.537 1.13 12.68 1W.O 84.4 77 
8 2.375 6.38 11.98 148.2 56.6 19 
9 2.386 5.95 11.57 148.9 58.4 136 

m 5  7 5.14 4.88 2.441 2.493 2.09 11.45 152.3 30.2 94 
8 2.433 2.41 11.74 151.8 23.0 72 
9 2.441 1.92 11.30 152.6 29.7 82 

m 6  7 4.24 4.01 2.385 2.508 4.90 12.67 148.8 58.3 125 C-1 
8 2.384 4.94 12.71 168.8 58.1 146 
9 2.388 4.78 12.56 149.0 52.1 130 

m 7  7 4.91 4.68 2.399 2.489 3.62 12.72 149.7 51.4 183 
8 2.396 3.74 12.83 149.5 44.4 102 
9 2.399 3.62 12.72 149.7 48.7 109 

m 8  7 6.91 6.47 2.411 2.434 0.94 13.93 150.4 21.0 61 
8 2.415 0.78 13.79 150.7 11.2 67 
9 2.412 0.90 13.90 150.1 15.1 

W9 7 6.02 5.67 2.421 2.449 1.14 12.84 151.1 28.8 63 
8 2.421 1.14 12.84 151.1 41.0 71 
9 2.426 0.94 12.66 151.4 28.7 

Dl0 I 2.67 2.60 2.313 2.435 5.01 14.01 144.3 49.2 107 
8 2.301 5.50 14.46 143.6 49.6 
9 2.3W 5.54 14.50 143.5 52.5 75 

D l l  7 2.90 2.82 2.326 2.556 9.00 13.69 145.1 49.3 LO5 8.8 
8 2.331 8.88 13.51 145.5 53.1 121 
9 2.323 9.12 13.80 145.0 42.5 91 

1112 7 4.24 4.07 2.388 2.520 5.24 12.53 LW.0 52.6 142 
8 2.398 4.84 12.16 149.6 55.2 128 
9 2.405 6.56 11.91 150.1 11.7 145 
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Bituminous mix design data by Hveem method - Series D, continued. 

i. *C Z kc 
by ut. by vc. BUIX AYC. RICI Vnir 

Specimen egg. m i x  ap. gr. sp. 8r. k i r  m i d s ,  vI.. meem Cohsniometar 
No. (Wa) P (Gmb) (G*) v,,, 7. lRU, % pef 0fabiliTy velue Gredetton 





Bituminous mix design data by Hveem method - Series D, continued. 

7.AC ? A < ;  
Ihy ul. h y  v i ,  Bulk W e .  Rice Unit 

Sperlnvi, a m .  m l x  sp. gr.  ap .  gr. ~ i r  voids, vt . ,  weem ~ol,esionioter 
No. ( W - )  (Po) ( G k )  (G-1 V... Z W. Z pef s e s b l l i t y  vsluc Crndef Ion 



Appendix J-1. Bituminous mix design data by Marshall method - Series F. 

I hC Z AC 
h y  ur. by ut. Xiilk Avo. illea Unit QIOV. 

Specimen elin. mlx sp. a i .  sp. ar.  ~ t r  vosda. w t . ,  SlablIltya Ib,(B) L", 
NO. cu,,, P (Grnb) (Cm) V". 7. W. 7, pcf  Heso. ~ d l .  (x 0.01) ~ i s d n r $ o n  

t", indlrect tensile m r c n g i l ~ ,  p s i ,  for epeelmen NO. 8 i n  escl batch. 



Bituminous mix design data by Marshall method - Series F, continued. 

% AC 7. AC 
by rt. b y  ut .  Bulk Ave. ldirp "nil Flow. 

Speeim~n egg. inlr a p . g r .  ep.pr.  A i r u o i d a .  *f., Slebillty. tb ,  1". 
No. (If,,) P a  (Cmbb) '(C-) Vv. % W, 7. pcf Heea. Mj. ( X  0.01) Omdatlon 



Bituminous mix design data by Marshall method - Series F, continued. 

I AC 7. AC 
h y r t .  h y v s .  8 ~ 1 k  A"<. ~i~~ iintr FIW, 

snee lm~n O ~ R .  "1" BP. 6' ' 9 .  pr A i r  volds. . Stablilty, Ib In. 
No. W (pa) <Gm) V v s  % YWA, 7. pcf  Mass A ~ J :  ( X  0.01, GradstSon 





Bituminous mix design data by Marshall method - Series F, continued. 

i AC X AC 
by vt. by vr. ~ u l k  m e .  tics unit  la, 

8peoimn egg. mix sp.  gr. ap. gr. Atr vold8. v l . ,  8tabtl lcy.  Ib. In. 
NO. (VJ (Pa) (Cab) (Gm) Vv, Z Yn*, I. pcf xeaa. A ~ J .  ( X  0.01) oradalim 



Appendix J-2. Bituminous mix design data by Hveem method - Series F. 

X AC 7. AC 
by W t .  by vt. Bulk Ave. Rice Uolt 

Speelmnn ,qg. mLx s p . g r .  s p . g r .  Airuoida ,  we., meem ~ h c a l ~ ~ f s r  
NO. U )  P )  (Gmb) (Gm) Vv. 7. nu, X pef a tabl l l fy  value Oradnflon 

(')ertmpoleted s t a b i l i t y  values Ifram log Pv - 108 Ph plpts ) .  



Bituminous mix design data by Hveem method - Series F, continued. 

?. AC 7. AC 
by ut. by u k .  8vlk me. Rlca Unit 

8peei-n "88. lair sp. 81. e ~ .  8r.  A I ~  volde, wt . ,  w e e  c n h e # i m t = r  
No. ( W e )  P a  (Cmb) (Om) vv, 7. W, % pef s t a b i l i t y  value 0rad.f ion 

152.0 LOO 
131.8 I02 
152.0 91 



Bituminous mix design data by Hveem method - Series F, continued. 

% AC % AC 
bl vt by ui. Rulk Ave. Rice U n i t  

%pedmen egg. m l x  n p .  gr. ap .  8r.  A i r  void.. vt.. wee. mhealmelar 
N*. (we)  e (%,,) (0-1 v", 7. m*, 7. P C ~  ~ t ~ b t i ~ t ~  value ored.tioa 

FL5 I 6.94 6.49 2.373 2.419 1.90 14.09 148.1 16.7 50 N.lur.1 
8 2.378 1.10 13.91 148.4 16.0 83 grad.tfo? 
9 2.382 1.53 13.77 148.6 12.9 76 

946 I 7.16 6.68 2.338 2.440 4.18 17.57 145.9 - - 8-0 
8 2.355 3.48 16.97 147.0 - - 
9 2.354 3.52 11.01 146.9 33.5 132 

P47 7 6 04 5 7 0  2.318 2.456 5.62 17.42 14b.6 - - 
8 2.320 5.54 17.35 144.8 - - 
9 2.322 5.46 17.28 144.9 33.2 74 

P48 7 4.92 4.69 2.298 2.488 7 . w  17.26 143.4 - - 
8 2.306 7.32 16.91 143.9 - - 
9 2.290 7.96 17.54 142.9 30.5 84 

P49 7 4.03 3.87 2.280 2.462 7.39 17.20 142.3 - - 
8 2.285 7.19 17.02 142.6 - - 
9 2.782 7.31 17.13 142.4 27.8 62 

F51 7 4.92 4 69 2.414 2.531 4.85 12.58 150.6 47.1 LO7 A-P 
8 2.420 4.61 12.37 151.0 48.1 126 
9 2.416 4.77 12.51 150.8 41.3 1x5 

P112 7 6.94 6.49 2.463 2.457 0.00 12.49 153.7 16.7 98 
8 2.450 0.28 12.96 152.9 7.3 47 
9 2.468 0.00 12.32 154.0 9.0 53 

P53 7 6.04 5.70 2.454 2.410 0.65 12.08 153.1 9.7 96 
8 2.455 0.61 12.04 153.2 18.2 88 
9 2.455 0.61 12.W 153.2 17.8 91 

F54 7 4.03 3.87 2.416 2.520 4.13 11.76 150.8 45.0 163 
8 2.403 4.62 12.23 149.9 41.0 125 
9 2.419 4.01 11.65 150.9 44.3 127 

F55 1 2.91 2.83 2.351 2.564 8.31 13.20 146.7 58.0 79 
8 7.347 8.46 13.35 146.5 46.3 89 
9 2.352 8.27 13.17 146.8 48.8 89 
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Appendix K. Mix Quality Evaluation Questionnaire 

I O W A  S T A T E  UNIVERSITY 
O F  S C i E N C E  A N D  T E C H N O L O O V  

Ames, Iowa 50010 

DEPARTMENT OF CIVIL ENGlNEERlNG 

Although many studies and reports have been published on bituminous concrete 
mixture design, there seems to be no consensus on the relative importance or 
significance of the various mixture properties. Nor i s  there precise agreement 
on the interpretation of the cri teria used in the conventional mixture design methods, 
especially in light of recent findings on fatigue, stiffness or modulus, and other 
material properties to be considered in the rational structural design of pavements. 

In a current project concerned with evaluation of gap-graded asphalt concrete 
mixtures, we are attempting to make comparisons or "select the winners," as  one 
of our colleagues from the Statistics Department phrased it ,  among some 400 asphalt 
mixes. In view of your recognized expertize and experience in  this field, I am 
requesting your help in establishing, on the basis of "new" thinking, some consensus 
on the relative importance of properties traditionally considered in  some of the 'bolder" 
mixture design methods. In Table 1 I have synthesized 50 hypothetical mixtures with 
Marshall properties, and, in Table 2, 40 hypothetical mixtures with Hveem properties; 
these properties have been randomly selected as per our "corrupted" statistician 
friends' instructions (using dice). It will be greatly appreciated i f  you could, for both 
(or, i f  you wish, either) tables 

(a) rate the mixtures, based on your personal judgement of overall quality, by 
assigning to each, one of the numbers 1, 2, . . . , 10, 1 representing a very poor mix- 
ture and 10 a very good one. Please assign these numbers i n  such a way that 4 i s  
assigned to a mixture which in your judgement would produce a surface meeting min- 
imal acceptable standards, and 8 to a mixture which, in your view, would produce a 
surface quality as good as any you have actually observed in your experience. Please 
assume here that the mixtures are to be used as surface course for medium traffic 
(100 psi tire pressure) in Iowa and that the aggregate i s  crushed limestone with 
maximum size of 314 In. In addition, please note that the ratings are  to be assigned 
without regard to economics, i n  that the better mixture will be assigned the higher 
number, regardless of i ts  initial cost or workability. Please also ignore the fact that 
many values are not realistic and that, since there is definite ~hysical relationship between 
air voids, VMA and voids filled, only two of the three voids properties should be considered 
at a time, depending upon your personal choice. 



(b) rate the importance of the properties, on a scale f rom 0-4, 0 being 
assigned any property that you consider irrelevant, and 4 to any crucial property. 

(c) indicate groups of properties that you feelmight be considered jointly. In 
other words, if,among six properties, properties 1, 4 and 5, taken as  a group, 
corresponded to something crucial in your view, you would indicate this by writing 
down (1, 4, 5). For  the sake of completeness, write down here  individual properties 
a s  well. Thus you might well write down, for example, ( 1, 2), (1, 4, 5), ( I ) ,  ( Z ) ,  
(3 ,  6), or ,  for that matter,  (1, 2), (1, 4, 5), ( 3 ) .  where the latter would show that 
you feel property 1 by itself not to be indicative of quality and property 6 not relevant 
to  quality, either i n  combination with the other properties o r  by itself. 

Clearly there will be some overlap in  your answers to (c)  and to (b). ( c )  calls 
for a more detailed introspection which you may feel i s  not warranted, given the 
present state of the a r t ,  in  which case you may wish to res t r ic t  your answers to  
(b) and ignore (c).  

(d) please indicate a s  explicitly as  you wish major considerations underlying 
your ratings of the mixtures. 

I am also asking other prominent people in this field to do the same and hope 
the results of this survey, with your help, can make some contribution to the state- 
of-the-art of asphalt paving mixture design. If you are  interested, I will make 
certain that the compiled and analyzed results are  sent to you. I thank you for your 
time and patience, and am looking forward to your reply. Of course your contri- - 
bution will be fully acknowledged. 

Sincerely yours, 

Dah-yinn Lee 
Associate Professor 
Department of Civil Engineering 

Enclosures 

P. S. Please note that we have enclosed a stamped self-addressed envelope for 
your use. 
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Table K-1. Mix Design Data by Marshall  Method (50 blows).  

Ave-Film 
Mix S t a b i l i t y  Flow Voids VMA Voids F i l l e d  Thickness, Pene t r a t ion  Mixture 
No. l b .  0.01" % % % CI of a spha l t  r a t i n g  



Table K-1 . Continued. 

Ave-Film 
Mix S t a b i l i t y  Flow Voids VMA Voids F i l l e d  Thickness, Pene t r a t ion  Mixture 
No. Ib .  0.01'' % 7- % )i of a spha l t  r a t i n g  

Proper ty  
Importance 
Rating 



Table I<-2. Mix design da ta  by tIveenl Method, 

Ave, F i l m  
Mix Voids S w e l l  Thickness Pene t r a t ion  Mix 
No. S t a b i l i t y  Cohesion % i n .  EJ. of a spha l t  Rating 

33 65 60 8 0.05 10 LOO 
3 4. 25 60 8 0 01 5 -_---_-- -_e 100 
35 45 100 3 0 -01  5 60 - 
36 65 100 2 0,05 1.5 :LO0 . - 
3 7 45 60 - 8 0.03 L 5 60 
38 25 400 2 0.05 ........ 15 60 
39 45 105 4 0,03 5 100 
40 65 100 2- 0,03 I0 60 

Property 
Importance 
Rating 




