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on the s t r e n g t h p r o p e r t i e s of t h i s mix a t one a s p h a l t c o n t e n t 

was s t u d i e d by r e p e a t i n g the above procedure a t t e s t temper­

a t u r e s of 7 0 , 35j and 0 ° F . 

Vo ids c h a r a c t e r i s t i c s were computed from d e n s i t i e s 

o b t a i n e d by the wax c o a t i n g method» This data a l o n g w i t h 

t h e t r i a x i a l p r o p e r t i e s of a n g l e of i n t e r n a l f r i c t i o n , c o h e ­

s i o n , and unconf ined shear s t r e n g t h are p r e s e n t e d on c h a r t s 

and graphs i n the t e x t . A l s o s t r e s s v s . s t r a i n curves are 

p r e s e n t e d f o r each specimen loaded» 

T h i s pavement e x h i b i t s an ang l e of I n t e r n a l f r i c t i o n 

t h a t v a r i e s i n v e r s e l y w i t h the per c e n t v o i d s e x i s t i n g In 

the minera l aggregate» I t has an unconf ined shear s t r e n g t h 

t h a t appears t o reduce d i r e c t l y w i t h the volume of a s p h a l t 

added t o the mix up t o the p o i n t of maximum compact ion , I f 

the a n g l e of I n t e r n a l f r i c t i o n d id not vary» R e s u l t s i n d i ­

c a t e t h a t t h i s r a t e of s t r a i n I s s u f f i c i e n t l y slow t o prevent 

v i s c o u s shear of the b inder from i n f l u e n c i n g the v a l u e s of 

a n g l e of i n t e r n a l f r i c t i o n of t h i s a s p h a l t mix f o r t e s t 

temperature above about 1 2 0 ° F° As specimens were t e s t e d 

a t lower temperatures t h i s mix e x h i b i t s a d e c r e a s i n g a n g l e 

of I n t e r n a l f r i c t i o n between 1 0 0 and 6 0 ° F and I n c r e a s i n g 

v a l u e s between 6 0 ° F and 1 0 ° F . Unconfined shear s t r e n g t h 

i n c r e a s e d w i t h d e c r e a s i n g t emperatures due t o i n c r e a s e d 

b inder v i s c o s i t y « 
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t w o m e t a l d i s k s and a r u b b e r m e m b r a n e 0 T h e p o r o u s stone In 

the base s e r v e s as a d r a i n a g e outlet for a n y f l u i d inside 

the sample a n d t h e r e b y i n s u r e s a t m o s p h e r i c p r e s s u r e inside 

the s p e c i m e n w i t h the r u b b e r m e m b r a n e p r e v e n t i n g the c e l l 

f l u i d ' s e n t r a n c e i n t o the s a m p l e 0 Pressure is a p p l i e d f r o m 

a c o n s t a n t a i r supply and r e c o r d e d on the p r e s s u r e gageo 

T h i s p r e s s u r e is t r a n s m i t t e d iiydr © s t a t i c a l l y t o the s p e c i ­

m e n ^ sides a n d top b y the c e l l f l u i d , a n d t h u s the s p e c i m e n 

is g i v e n l a t e r a l support ((T^) e q u a l t o the p r e s s u r e gage 

r e a d i n g in u n i t s of force p e r unit a r e a . A l s o a v e r t i c a l 

p r e s s u r e , e q u a l t o the l a t e r a l p r e s s u r e ^ I s d i s t r i b u t e d over 

the s p e c i m e n ' s t o p , w h i c h in e f f e c t a p p l i e s a f o r c e per-' unit 

a r e a b y d i v i d i n g P b y the s p e c i m e n " s c i r c u l a r a r e a , and the 

t w o are a d d e d to o b t a i n the total a x i a l s t r e s s 0 

T h e s p e c i m e n is d e f o r m e d a t a c o n s t a n t r a t e of d e f o r m a ­

t i o n until it f a i l s by sliding a l o n g a n inclined surface 

similar t o a a or b b on F i g u r e 1 . T h e t r i a x i a l c o m p r e s s i o n 

test i n f o r m s us of the i n t e n s i t y of v e r t i c a l p r e s s u r e , & ^ , 

in f o r c e per unit a r e a t h a t is r e q u i r e d to p r o d u c e f a i l u r e 

of the s p e c i m e n a t a g i v e n h o r i z o n t a l p r e s s u r e , 0 ^ <. Since 

t h e f a i l u r e o c c u r s a l o n g a n inclined surface of s l i d i n g , 

the state of stress a l o n g t h i s surface is of i n t e r e s t . 

M o h r C i r c l e . - - W h e n the stress a c t i n g on a p l a n e c o n s i s t s of 

only a c o m p o n e n t a c t i n g n o r m a l to the p l a n e , t h i s n o r m a l 

stress is t e r m e d a p r i n c i p a l s t r e s s . 0"̂  a n d C f ^ are p r i n c i p a l 

s t r e s s e s b y the nature of t h e i r a p p l i c a t i o n * H o shear c a n 
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E X I S T A L O N G T H E T E S T S P E C I M E N 1 ' S V E R T I C A L S I D E S S I N C E T H E 

P R E S S U R E I S H Y D R © S T A T I C A L L Y A P P L I E D A N D T H E B A L L C O N N E C T I O N 

A T T H E S P E C I M E N ° S T O P P R E V E N T S S H E A R I N T H A T P L A N E „ T H E N 

T H E D A T A F R O M T R I A X I A L T E S T I S A P P L I C A B L E T O A S H E A R S T R E S S 

V S . N O R M A L S T R E S S D I A G R A M K N O W N A S T H E M O H R D I A G R A M , F I G U R E 

2 O A C C O R D I N G T O M O H R ( L ) , A C I R C L E D R A W N T H R O U G H T H E O R D I ­

N A T E S , C ^ , A N D £ 5 ^ M R E P R E S E N ° ^ S T H E S T A T E O F N O R M A L A N D 

S H E A R S T R E S S I N A N Y P L A N E O F A M A T E R I A L L O A D E D B Y C\ A N D , 

m C 2 a S I N C E O^ E Q U A L S 6*2 O N L Y A T W O - D I M E N S I O N A L D I A G R A M 

W I L L B E U S E D H E R E * , F O R E X A M P L E , T H E S T R E S S C O M P O N E N T S A L O N G 

P L A N E A A M A Y B E R E P R E S E N T E D B Y T H E C O O R D I N A T E S T O P O I N T X , 

C ^ * T ) ° B Y T H E S A M E T O K E N S T R E S S C O M P O N E N T S A L O N G A N Y P L A N E 

T H R O U G H T H E S P E C I M E N M A Y B E D E T E R M I N E D F R O M T H E C I R C L E B Y 

S I M P L Y K N O W I N G T H E A N G L E OC „ 

M O H R T H E O R Y O F R U P T U R E . - - A N I M P O R T A N T A P P R O A C H T O S T U D Y I N G 

T H E P R O P E R T I E S O F A P A R T I C U L A R M A T E R I A L W I T H T R I A X I A L C O M ­

P R E S S I O N T E S T S I S T H E E V A L U A T I O N O F S T R E S S C O N D I T I O N S A T 

R U P T U R E 0 A T H E O R Y O F S T R E S S C O N D I T I O N S I N A M A T E R I A L A T 

R U P T U R E , C O N T R I B U T E D B Y O T T O M O H R , H A S B E E N F O U N D T O A P P L Y 

P A R T I C U L A R L Y W E L L T O S O I L S , A S P H A L T P A V E M E N T , C O N C R E T E , A N D 

S T O N E o " M O H R R E A S O N E D T H A T Y I E L D O R F A I L U R E W I T H I N A M A T E R I A L 

W A S N O T C A U S E D B Y N O R M A L S T R E S S E S A L O N E R E A C H I N G A C E R T A I N 

M A X I M U M O R Y I E L D P O I N T O R B Y S H E A R S T R E S S E S A L O N E R E A C H I N G 

A M A X I M U M , B U T B Y C R I T I C A L C O M B I N A T I O N S O F B O T H S H E A R A N D 

N O R M A L S T R E S S E S < > T H E F A I L U R E I S E S S E N T I A L L Y B Y S H E A R , B U T 

T H E C R I T I C A L S H E A R S T R E S S I S G O V E R N E D B Y T H E N O R M A L S T R E S S 

A C T I N G O N T H E P O T E N T I A L S U R F A C E O F F A I L U R E " ( 2 ) „ 
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A x i a l L o a d , P 

D i s p l a c e m e n t a p p l i e d 
0 o05 in o per min» 

C e l l F l u i d 
Surface 

One of 
S e v e r a l T i e Rods-

j \ | — I m p e r v i o u s B e a r i n g Plate 

R u b b e r M e m b r a n e 

M i c r o m e t e r D e f o r m a t i o n 

P r e s s u r e G a g e 

C o n s t a n t P r e s s u r e 
S u p p l y 

L u c i t e C y l i n d e r 

P o r o u s B e a r i n g Plate 

//////zz 

F i g u r e l-„ Schematic D i a g r a m of T r i a x i a l C o m p r e s s i o n 
T e s t i n g D e v i c e . 



Normal S t r e s s (CT) 

F i g u r e 3 • Mohr Rupture Diagram. 
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T R I A X I A L C O M P R E S S I O N T E S T R E S U L T S C O N T A I N I N G R U P T U R E 

P R I N C I P A L S T R E S S V A L U E S , A N D O ° ^ , F O R A S E R I E S O F S A M P L E S 

T E S T E D A T V A R I O U S L A T E R A L P R E S S U R E S S U B S T A N T I A T E S M O H R 8 S 

R U P T U R E T H E O R Y „ F I G U R E 3 S H O W S A S E R I E S O F S U C H T E S T R E S U L T S 

P L O T T E D O N A M O H R D I A G R A M » T H E L I N E D R A W N T A N G E N T T O A L L 

T H E S E C I R C L E S , K N O W N A S MOTOR'S E N V E L O P E O F R U P T U R E , R E P R E ­

S E N T S T H E C R I T I C A L C O M B I N A T I O N O F S H E A R A N D N O R M A L S T R E S S E S 

N E C E S S A R Y T O I N D U C E R U P T U R E I N T H E T E S T S P E C I M E N S .> T H I S I S 

A N A C C E P T E D M E T H O D F O R A N A L Y S I S O F T R I A X I A L T E S T D A T A , A N D 

T H E M A T E R I A L ° S S T R E N G T H P R O P E R T I E S A R E U S U A L L Y R E P O R T E D I N 

T E R M S O F T H E S L O P E O F A S T R A I G H T M O H R R U P T U R E E N V E L O P E , 

A N D C , T H E S H E A R I N T E R C E P T A T Z E R O N O R M A L S T R E S S „ T H E T E R M 

A P P A R E N T C O H E S I O N , C, S T E M S F R O M A M A T H E M A T I C A L R E P R E S E N T A ­

T I O N O F T H I S L I N E K N O W N A S C O U L O M B 2 S E Q U A T I O N . , 

T H E T R I A X I A L C O M P R E S S I O N T E S T S P E C I M E N o - - - T R I A X . I A L T E S T I N G P R O ­

C E D U R E S H A V E U N D E R G O N E C O N S I D E R A B L E S C R U T I N Y D U R I N G T H E P A S T 

T W E L V E Y E A R S B Y S U C H I N T E R E S T E D P A R T I E S A S M E M B E R S O F T H E 

T R I A X I A L I N S T I T U T E , A N D C E R T A I N S P E C I F I C A T I O N S H A V E B E E N 

S E T U P F O R A R A T I O N A L T R I A X I A L S P E C LINEN o P R I O R T O 1 9 4 - 7 * 
T H E R E W A S M U C H C O N T R O V E R S Y O V E R T H E S P E C I M E N 2 S D I M E N S I O N S , 

L O A D I N G R A T E ^ A N D P A R T I C U L A R L Y T H E C O M P A C T I O N M E T H O D U S E D 

I N M O L D I N G A S P H A L T I C C O N C R E T E S P E C I M E N F O R T R I A X I A L T E S T I N G . 

P R A C T I C A L L Y A L L A U T H O R I T I E S O N T H E S U B J E C T A G R E E T H A T 

T H E S P E C I M E N S H A L L H A V E A D I A M E T E R A T . L E A S T F O U R T I M E S T H A T 

O F I T S L A R G E S T P A R T I C L E A N D S H A L L P O S S E S S A H E I G H T T O D I A M E T E R 

R A T I O O F A T L E A S T T W O , A N D A C O M P A C T E D A S P H A L T P A V E M E N T 
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specimen s h a l l meet aggrega te o r i e n t a t i o n and d e n s i t y r e q u i r e ­

ments s i m i l a r t o t h o s e ob ta ined from f i e l d cores„ 

The compaction method used on l a b o r a t o r y specimens i s 

of prime importance s i n c e t h e s e specimens should have mech­

a n i c a l p r o p e r t i e s t h a t c o r r e l a t e w i t h t h o s e i n the f i e l d . 

A "kneading" type compaction method has been deve loped t h a t 

produces specimens whose a g g r e g a t e s t r u c t u r e i s very s i m i l a r 

t o f i e l d c o r e s ( 3 ) . The most important improvement over the 

c o n v e n t i o n a l drop hammer or s t a t i c compaction methods was 

r e a l i z e d i n a s p h a l t i c mixes c o n t a i n i n g c o a r s e f r a c t i o n s of 

aggregate„ Lack of p a r t i c l e movement freedom, prevented the 

l a r g e r p a r t i c l e s from s e e k i n g a more f a v o r a b l e o r i e n t a t i o n 

t o a t t a i n the d e s i r e d d e n s i t y v w h i l e the compaction equipment 

used i n c o n s t r u c t i o n a l l o w e d t h i s movement» Consequent ly , 

the p a r t i c l e p o i n t s under s t a t i c compact ion had a tendency 

t o cr ush i n t o each o ther and puncture the a s p h a l t f i lmo 

S e v e r a l i n v e s t i g a t i o n s ( 4 ) have been conducted t o compare 

t e s t r e s u l t s of samples molded w i t h the s t a t i c , drop hammer, 

and kneading compaction methods , R e s u l t s of t h e s e t e s t s 

prompted the f o l l o w i n g s ta tement i n the minutes of the May, 

1 9 4 8 , mee t ing of American S o c i e t y f o r T e s t i n g M a t e r i a l s 

Committee D - 4 on Road and Paving M a t e r i a l s „ "The committee 

unanimously agreed t h a t kneading compaction methods were 

n e c e s s a r y t o u s e f u l i n v e s t i g a t i o n ! o t h e r w i s e , t h e r e could 

be no c e r t a i n t y t h a t the samples t e s t e d i n the l a b o r a t o r y 

would c o r r e l a t e i n mechanica l p r o p e r t i e s w i t h t h o s e p l a c e d 
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i n t h e f i e l d " ( 5 ) » The Hveem m a c h i n e u s e s a cam s h a p e d f o o t 

t o a p p l y a l o a d f o r Oo36 s e c o n d s d w e l l t i m e „ The f o o t f o r 

a 4 - i n c h d i a m e t e r s p e c i m e n h a s an a r e a o f o n l y 3 ° 2 s q u a r e 

i n c h e s j h e n c e , s e v e r a l b l o w s on t h e r o t a t i n g s p e c i m e n a r e 

r e q u i r e d f o r a " c o v e r a g e „ " W i t h s u f f i c i e n t f o o t p r e s s u r e 

and number o f b l o w s , a s p h a l t i c m i x t u r e , f e d i n u n i f o r m l y a s 

t h e m a c h i n e o p e r a t e s , may be c o m p a c t e d t o u n i f o r m l y h i g h 

d e n s i t i e s o 

M e s s r so M o n i s m l t h and V a l l e r g a p u b l i s h e d a p a p e r ( 6 ) 

I n t h e 1 9 5 2 J o u r n a l o f A s s o c i a t i o n o f A s p h a l t P a v i n g T e c h ­

n o l o g i s t s c o n c e r n i n g t h e e f f e c t o f pavement d e n s i t y on t h e 

t r i a x i a l s t a b i l i t y o f s a m p l e s m o l d e d w i t h a k n e a d i n g com­

p a c t o r o A s e r i e s o f c u r v e s was p r e s e n t e d w h i c h showed a n 

i n c r e a s e i n mix d e n s i t y w i t h i n c r e a s e i n a s p h a l t c o n t e n t 

and a l s o w i t h an i n c r e a s e i n c o m p a c t i v e e f f o r t e m p l o y e d * 

I t a l s o i n d i c a t e d t h a t t h e i n c r e a s e i n c o m p a c t i v e e f f o r t 

r e s u l t e d i n a c o r r e s p o n d i n g i n c r e a s e i n mix s t a b i l i t y a t 

t h e l o w e r a s p h a l t c o n t e n t s , and a t t h e h i g h e r a s p h a l t c o n ­

t e n t s , e s p e c i a l l y a f t e r t h e p o i n t o f maximum mix d e n s i t y had 

b e e n r e a c h e d , t h e mix s t a b i l i t y d e c r e a s e d t o a p p r o x i m a t e l y 

t h e same low v a l u e . R e s u l t s shown h e r e a l s o I n d i c a t e t h a t 

t h e m o s t t h o r o u g h l y c o m p a c t e d m i x showed t h e g r e a t e s t l o s s 

i n s t a b i l i t y o 

T h i s r e s e a r c h i s e s s e n t i a l l y an e x t e n s i o n o f M e s s r s 0 

M o n i s m l t h and V a l l e r g a 3 s paper» U s i n g t h e same a s p h a l t 

g r a d e j a n i d e n t i c a l a g g r e g a t e g r a d a t i o n * b u t a l e s s d e n s e 
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Georgia g r a n i t e j and the same molding and t e s t temperature* 

s i x specimens a t each a s p h a l t c o n t e n t were compacted a t one 

of the i n t e r m e d i a t e compactlve e f f o r t s , 2 3 0 b lows a t 3 3 5 p s i 

f o o t p r e s s u r e o For each a s p h a l t c o n t e n t , two specimens were 

loaded t r i a x i a l l y w i t h the same l o a d i n g rat® ( 0 * 0 5 i n c h e s 

per m i n u t e ) , a t each of t h r e e l a t e r a l p r e s s u r e s ( 1 0 , 2 0 , and 

4 0 p s i ) • Then an a s p h a l t c o n t e n t was s e l e c t e d which would 

probably make a good pavement, and the above procedure was 

r e p e a t e d a t t e s t t emperatures of 7 0 , 3 5 and 0 ° F o The o b j e c ­

t i v e of t h e s e t e s t s was t o show the e f f e c t of a s p h a l t c o n t e n t 

and temperature on the l o a d - c a r r y i n g a b i l i t y of a pavement 

w i t h a c o n s t a n t compaction e f f o r t and l o a d i n g r a t e « 



1 0 

C H A P T E R I I 

E Q U I P M E N T A N D M A T E R I A L S 

M A T E R I A L S A C R U S H E D G R A N I T E F R O M C O N S O L I D A T E D Q U A R R I E S , 

I N C o N E A R L I T H O N I A , G E O R G I A , W A S U S E D F O R S I Z E S C O A R S E R 

T H A N T H E N O * 2 0 0 sieve. A G G R E G A T E F I N E R T H A N T H E N © U 2 0 0 

S I E V E W A S M A R B L E A G G R E G A T E F I L L E R F R O M M A R B L E P R O D U C T S 

C O M P A N Y O F G E O R G I A A T W H I T E S T O N E ? G E O R G I A « T H E A G G R E G A T E 

G R A D A T I O N , S H O W N I N F I G U R E 4 , C O N F O R M S T O R E Q U I R E M E N T S ( 7 ) 

O F T H E G E O R G I A H I G H W A Y D E P A R T M E N T F O R A ! ? T Y P E D " A S P H A L T I C 

C O N C R E T E P A V E M E N T „ T H E R E S P E C T I V E B U L K S P E C I F I C G R A V I T I E S 

O F T H E M A R B L E A N D G R A N I T E W A S 2 . 8 0 A N D 2 . 6 1 C T H E G R A N I T E 

S H O W S A W E A R O F L E S S T H A N 6 0 P E R C E N T W H E N S U B J E C T E D T O T H E 

L O S A N G E L E S A B R A S I O N T E S T ( A A S H 0 T - 9 6 ) A N D H A S B E E N U S E D 

E X T E N S I V E L Y I N G E O R G I A H I G H W A Y P A V E M E N T S , T H E B I N D E R W A S 

A P A V I N G G R A D E O F A S P H A L T C E M E N T ( A C - 8 ) W I T H A P E N E T R A T I O N 

O F 8 5 T O 1 0 0 A T 7 7 ° F , A N D A S P E C I F I C G R A V I T Y O F L C . 0 1 2 A T 

7 7 ° F 0 

E Q U I P M E N T . — T H E M I X I N G E Q U I P M E N T I N C L U D E D M I X I N G S P O O N S , 

B O W L S , A N D S T O R A G E P A N S . T H E M I X W A S B A T C H E D T O T H E N E A R E S T 

L O 0 G R A M W I T H T H E U S E O F T O L E D O S C A L E S . T H E E L E C T R O - H Y D R A U L I C 

K N E A D I N G C O M P A C T O R ( N O . 1 I N F I G U R E 5 ) W A S B U I L T B Y S O I L T E S T , 

I N C . O F C H I C A G O , I L L I N O I S , T O C O M P A C T S A M P L E S T H A T M E E T S P E C ­

I F I C A T I O N S F O R T H E H V E E M A S P H A L T I C C O N C R E T E D E S I G N M E T H O D ( 8 ) . 

T H E M A T E R I A L W A S F E D I N T O T H E 4 - I N C H D I A M E T E R S P L I T M O L D 



1 1 

UO S O S T A N D A R D S I E V E S I Z E S 

G R A I N D I A M E T E R I N M I L L I M E T E R S 

F I G U R E 4 0 A G G R E G A T E G R A D A T I O N C U R V E 



1 2 

( N O . 2 I N F I G U R E 5 ) F R O M E I G H T 1 - I N C H B Y 2 - I N C H B Y 1 2 - I N C H 

A L U M I N U M S L E E V E S ( N O . 3 I N F I G U R E 5 ) A ^ D T H E M O L D W A S S E C U R E D 

T O T H E C O M P A C T O R T U R N T A B L E W I T H A M O L D H O L D E R ( N O . 4 I N 

F I G U R E 5 ) ° 

T H E T R I A X I A L C E L L ( N O . 1 I N F I G U R E 6 ) , D E S I G N E D A N D 

B U I L T B Y T H E S C H O O L O F C I V I L E N G I N E E R I N G P E R S O N N E L O F G E O R G I A 

I N S T I T U T E O F T E C H N O L O G Y s H A S A 1 2 - I N C H D I A M E T E R C H A M B E R A N D 

A D E P T H O F 1 8 I N C H E S . T H I S A L L O W S T H E S A M P L E T O B E S U R R O U N D E D 

B Y A 4 I N C H T H I C K J A C K E T O F C O N S T A N T T E M P E R A T U R E F L U I D o T H E 

L A T E R A L S U P P O R T P R E S S U R E W A S I N D I C A T E D B Y P R E S S U R E G A G E R E A D ­

I N G S O N T H E C E L L W I T H A C C U R A C Y O F ± 0 . 5 P O U N D S P E R S Q U A R E 

I N C H A N D T H I S P R E S S U R E W A S A P P L I E D F R O M A R E G U L A T E D A I R S O U R C E 0 

A T I N I U S - O L S E N L O A D I N G M A C H I N E A P P L I E D T H E L O A D A T A C O N S T A N T 

D E F O R M A T I O N R A T E O F 0 . 0 5 I N C H E S P E R M I N U T E T O A 2 0 , 0 0 0 P O U . R D 

C A P A C I T Y o S A M P L E S T E S T E D A T A T E M P E R A T U R E O F 0 ° F W E R E L O A D E D 

W I T H A 2 0 0 , 0 0 0 P O U N D C A P A C I T Y R I E H L E L O A D I N G M A C H I N E A T T H E 

S A M E D E F O R M A T I O N R A T E * D A T A F R O M B O T H M A C H I N E S W A S R E C O R D E D 

T O 2 P E R C E N T A C C U R A C Y A N D D E F O R M A T I O N W A S R E C O R D E D F R O M A 

M I C R O M E T E R D I A L G A G E T O ± 0 . 0 0 1 I N C H O 

A F R E E Z E R , E Q U I P P E D W I T H A T E M P E R A T U R E S E L E C T I O N D I A L 

A N D S U F F I C I E N T T H E R M O S T A T I C C O N T R O L S T O M A I N T A I N A N Y D E S I R E D 

T E M P E R A T U R E B E T W E E N HH 7 5 A N D - 2 5 ° F T O £.2° F A C C U R A C Y , W A S 

U S E D T O M A I N T A I N T H E T E S T T E M P E R A T U R E O F T H E C E L L F L U I D A N D 
O 

S P E C I M E N S A T T E S T T E M P E R A T U R E S O F 0 , 3 5 * A N D 7 0 F « A N E L E C ­

T R I C O V E N W A S U S E D T O M A I N T A I N T H E T E M P E R A T U R E O F M I X I N G , 
n O 

C O M P A C T I O N , A N D T H E 1 4 0 F T E S T S P E C I M E N S T O A C C U R A C Y O F ^ 2 F . 



F i g u r e 5 « Spec imen Compac t ion A p p a r a t u s 

F i g u r e 6 . T r i a x i a l T e s t A p p a r a t u s . 
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CHAPTER I I I 

PROCEDURE 

G e n e r a l „ — - T r i a x i a l s p e c i m e n s were b a t c h e d , m i x e d , and com­

p a c t e d w i t h a s p h a l t c o n t e n t s o f 4 , 5 > 6 , 7 * and 8 p e r c e n t 

by w e i g h t of d r y a g g r e g a t e » F o r e a c h a s p h a l t c o n t e n t , d u p l i ­

c a t e s p e c i m e n s were l o a d e d t r i a x i a l I y a t e a c h of t h r e e d i f ­

f e r e n t l a t e r a l p r e s s u r e s ( l O , 2 0 s and 40 p s i ) <> S u f f i c i e n t 

d a t a was o b t a i n e d f o r c a l c u l a t i o n o f d e n s i t y , s t r e s s v s , 

s t r a i n c u r v e s , t h e Mohr Diagram c o m p o n e n t s , C, and S Q ) , 

p e r c e n t v o i d i n t h e t o t a l m i x , and p e r c e n t v o i d s i n t h e 

m i n e r a l a g g r a g a t e <> T e s t t e m p e r a t u r e and l o a d i n g r a t e em-
o 

p l o y e d on t h e s e s p e c i m e n s were r e s p e c t i v e l y ^ 140 F and 

0 O 0 5 i n c h e s p e r m i n u t e » S p e c i m e n s c o n t a l n t 6 p e r c e n t 

a s p h a l t were t r i a x i a l l y l o a d e d a t t h e same l a t e r a l p r e s s u r e s 

and l o a d i n g r a t e s , b u t a t t e m p e r a t u r e s of 7 0 ° ^ 3 5 ° > and 0 ° F« 

The e f f e c t o f t e m p e r a t u r e and a s p h a l t c o n t e n t on t h e t r i a x i a l 

p r o p e r t i e s o f a n g l e o f I n t e r n a l f r i c t i o n { <§>) 9 a p p a r e n t c o h e ­

s i o n ( C ) , and u n c o n f i n e d s h e a r s t r e n g t h ( S ) w e r e computed 
c 

and p r e s e n t e d i n g r a p h i c a l f o r m 0 ( S e e A p p e n d i x I I I f o r 

d e f i n i t i o n s o f & , C , and S . «,) 

A g g r e g a t e P r e p a r a t i o n „ - - C r u s h e d g r a n i t e was o v e n d r i e d and 

d i v i d e d i n t o s i z e s by m a t e r i a l r e t a i n e d on 3A Inch. , 3 / 8 i n c h , 

N o s 0 4 , 8 , 1 6 , 3 0 , 5 0 , 1 0 0 , and 2 0 0 s i e v e s and m a r b l e a g g r e ­

g a t e was u s e d f o r s i z e s f i n e r t h a n t h e No* 2 0 0 s i e v e „ 



1 5 

C u m u l a t i v e b a t c h w e i g h t s f o r 3 3 0 0 g r a m s p e c i m e n s w e r e c o m ­p u t e d f r o m g r a d a t i o n c u r v e s o n F i g u r e 5 * a n d e a c h s p e c i m e n w a s b a t c h e d a n d s e a l e d I n a t i n c o n t a i n e r 0 A l t h o u g h a n e x a c t r e p r o d u c t i o n o f t h i s g r a d a t i o n c u r v e c o u l d b e a s c e r t a i n e d o n l y b y w a s h i n g t h © a g g r e g a t e t h r o u g h t h ® s i e v e s , t h © s a m p l e s b a t c h e d a r e a t l e a s t u n i f o r m i n g r a d a t i o n * , T h i s m e t h o d p r e ­s e n t e d s o m e c o n t r o l o v e r t h e a m o u n t o f f i n e m a t e r i a l I n t h e m i x o M i x i n g a n d C u r i n g » - - F o i l o w i n g o v e r n i g h t s t o r a g e i n a 3 0 0 ° F o v e n , t h e a g g r e g a t e s p e c i m e n w a s p l a c e d i n a m i x i n g b o w l , w e i g h e d , a n d a p r e d e t e r m i n e d a m o u n t o f a s p h a l t w a s a d d e d b y w e i g h t o T h e s a m p l e w a s m i x e d t o a u n i f o r m c o n s i s t e n c y w i t h a m i x i n g s p o o n » A s p h a l t w a s o n l y h e a t e d e n o u g h t o a t t a i n t h e m i x i n g t e m p e r a t u r e ( 3 0 0 ° F ) a s a p r e c a u t i o n a g a i n s t o x i ­d a t i o n o S t o r a g e f o r a p p r o x i m a t e l y f i f t e e n h e a r s I n o p e n 1 2 x 1 8 I n c h p a n s i n a l 4 0 ° F f o r c e d d r a f t o v e n p r e c e d e d c o m p a c t i o n „ C o m p a c t i o n o - - C o m p a c t i o n w a s a c h i e v e d b y 2 5 0 b l o w s o f a k n e a d ­i n g c o m p a c t o r a t 3 3 5 p s i f o o t p r e s s u r e w i t h a d w e l l t i m e o f 
0 « 3 6 s e c o n d s o T h e m i x t u r e w a s f e d I n t o t h e 4 - I n c h d i a m e t e r m o l d I n a u n i f o r m m a n n e r a s t h e m a c h i n e o p e r a t e d b y s c h e d u l e s h o w n i n T a b l e 1 , P r i o r t o c o m p a c t i o n , e a c h s p e c i m e n w a s o h e a t e d t o 2 3 0 F a n d d i v i d e d e q u a l l y i n t o e i g h t a l u m i n u m s l e e v e s o E a c h s l e e v e w a s r e m o v e d f r o m t h e o v e n s e p a r a t e l y a n d I t s c o n t e n t s f e d i n t o t h © m o l d b y s m a l l i n c r e m e n t s a s t h e m a c h i n e o p e r a t e d » U p o n c o m p l e t i o n o f o n © s p e c i m e n , t h e 
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T A B L E 1 . - S C H E D U L E O F C O M P A C T I O N B L O W S F O R 
4 - I N C H D I A M E T E R S P E C I M E N 

P A R T B L O W S 

0 0 
2 0 
5 1 
8 2 

1 1 3 
1 4 4 
1 7 6 
2 0 8 
2 4 0 
2 5 0 

1 

N E X T W A S P L A C E D I N T H E E I G H T S L E E V E S A N D R E T U R N E D T O T H E 

O V E N 0 N E X T T H E M O L D A N D H O L D E R W E R E R E M O V E D F R O M T H E C O M ­

P A C T I O N M A C H I N E T U R N T A B L E A N D T H E S P E C I M E N E X T R A C T E D B Y 

R E L E A S I N G T H E S P L I T M O L D ° S R E S T R A I N I N G B O L T S o T H E M O L D , 

H O L D E R , A N D T U R N T A B L E W A S R E A S S E M B L E D A N D T H E C O M P A C T I O N 

P R O C E D U R E R E P E A T E D o 
T H I S C O M P A C T I O N P R O C E D U R E I S B A S E D O N 2 5 0 T O T A L B L O W S 

A N D T H E U S E O F A M A X I M U M N U M B E R O F B L O W S T H A T C O U L D B E A P P L I E D 

A T T H E T O P A N D B O T T O M O F T H E S P E C I M E N W I T H O U T E X C E S S I V E A G G R E ­

G A T E C R U S H I N G o P R E L I M I N A R Y T E S T S I N D I C A T E D T H A T N O M O R E T H A N 

2 0 B L O W S C O U L D B E A P P L I E D T O T H E F I R S T 1 / 8 O F T H E S P E C I M E N 

W I T H O U T E X C E S S I V E C R U S H I N G A N D N O M O R E T H A N 1 0 L E V E L I N G B L O W S 

C O U L D B E U S E D F O R T H E S A M E R E A S O N « T H E R E M A I N D E R O F T H E 2 5 0 

B L O W S W A S D I V I D E D E Q U A L L Y T O T H E O T H E R S E V E N P A R T S O F T H E 

S P E C I M E N . 

B U L K S P E C I F I C G R A V I T Y « > - - P R E L I M I N A R Y T R I A X I A L T E S T S I N D I C A T E D 

T H A T P A R A F F I N C O A T E D S A M P L E S Y I E L D D I F F E R E N T S T R E N G T H R E S U L T S , 
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A T S O M E T E M P E R A T U R E S , , T H A N U N C O A T E D S A M P L E So T H E R E F O R E , I T 

W A S N E C E S S A R Y T O E S T A B L I S H A C O R R E L A T I O N B E T W E E N B U L K S P E C I F I C 

G R A V I T I E S O B T A I N E D F R O M S P E C I M E N S W I T H A N D W I T H O U T T H E P A R A F F I N 

C O A T I N G . T H I S W A S A C C O M P L I S H E D B Y C O M P A C T I N G F O U R S A M P L E S 

A T E A C H A S P H A L T C O N T E N T A N D D E T E R M I N I N G T H E B U L K S P E C I F I C 

G R A V I T Y O F E A C H B E F O R E A N D A F T E R P A R A F F I N C O A T I N G „ P R I O R 

T O P A R A F F I N C O A T I N G , E A C H S A M P L E W A S A I R D R I E D T O A C O N S T A N T 

WE I G H T o 
B U L K S P E C I F I C G R A V I T I E S O F T E S T S P E C I M E N S W E R E D E T E R ­

M I N E D B Y P R O C E D U R E S S E T F O R T H I N A A 3 H 0 S T A N D A R D M - 1 3 2 . F O R M U L A 

U S E D F O R P A R A F F I N C O A T E D S P E C I M E N C A L C U L A T I O N W A S S 

B U L K S P E C I F I C G R A V I T Y « ———— 
D - E - ( — 

W H E R E 

A a* W E I G H T I N G R A M S O F T H E D R Y S P E C I M E N I N A I R . 
D tm W E I G H T I N G R A M S O F T H E D R Y S P E C I M E N P L U S 

P A R A F F I N C O A T I N G I N A I R , 
E n W E I G H T I N G R A M S O F T H E D R Y S P E C I M E N P L U S 

P A R A F F I N C O A T I N G I N W A T E R , A N D 
F W B U L K S P E C I F I C G R A V I T Y O F T H E P A R A F F I N <, 

T H E F O R M U L A U S E D F O R U N C O A T E D S P E C I M E N C A L C U L A T I O N W A S § 

B U L K S P E C I F I C G R A V I T Y = A ( 2 ) 

A — \j 
W H E R E S 

A m W E I G H T I N G R A M S O F D R Y S P E C I M E N I N A I R , A N D 
C s W E I G H T I N G R A M S O F D R Y S P E C I M E N I N W A T E R o 

S U B S E Q U E N T S P E C I M E N S W E R E N O T C O A T E D W I T H W A X F O R B U L K 

S P E C I F I C G R A V I T Y D E T E R M I N A T I O N S , B U T T H E C O R R E C T I O N S I N 
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Table 2 were a p p l i e d t o c o r r e c t f o r the water t h a t p e n e t r a t e d 

the sample when submerged we ight was measured„ 

Table 2a Bulk S p e c i f i c G r a v i t y C o r r e c t i o n 
f o r Var ious Aspha l t Contents 

A s p h a l t Content Bulk S p e c i f i c 
Grav i ty C o r r e c t i o n 

4 - Ooio 
5 - o07 
6 - u 03 
7 - o02 
8 - .02 

P r e p a r a t i o n f o r T r i a x i a l T e s t i n g , - - P r i o r t o t e s t i n g , the 

average h e i g h t and diameter of e ac h specimen was recorded 

and a br imsto cap , s i m i l a r t o t h a t used on c o n c r e t e c y l i n d e r s , 

was a p p l i e d t o the t o p and bottom of the t e s t spec imens . 

The hot f l u i d was poured i n t o the capping mold, the sample 

was s e t i n t o p l a c e p a r a l l e l t o the capping mold ' s v e r t i c a l 

g u i d e , and a f t e r the cap became s o l i d , the sample was removed» 

T h i s capping procedure Insured t h a t the l o a d i n g ends would 

l i e i n p a r a l l e l p l a n e s and be p e r p e n d i c u l a r t o the specimen 1' s 

v e r t i c a l a x i s 0 Drainage through the lower cap was f a c i l i ­

t a t e d by d r i l l i n g approx imate ly 25 h o l e s through the cap* 

The specimens were t h e n wrapped i n a paper towe l t o reduce 

t r i a x i a l membrane breakage due t o the sharp aggrega te * 

T r i a x i a l T e s t i n g « - - S p e c i m e n s t o be t e s t e d a t l 4 0 ° P were 

p laced i n a 140 t 5 ° P oven f o r t h r e e t o four hours p r i o r 

t o t e s t i n g . C e l l f l u i d used i n t r i a x i a l chamber was t a p 
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W A T E R A T L 4 0 ° F« W H I L E T H E 7 0 , 3 5 > A N D 0 ° P T E S T S P E C I M E N S 

A N D T H E C E L L F L U I D W E R E S T O R E D O V E R N I G H T I N A F R E E Z E R , 
O 

D E S I G N E D T O M A I N T A I N T H E S E T E M P E R A T U R E S W I T H I N ± 2 F « 

T H E S P E C I M E N S W E R E R E M O V E D F R O M T H E I R C O N S T A N T T E M P E R A T U R E 

A I R B A T H S S E P A R A T E L Y A N D P L A C E D I N T H E T R I A X I A L C E L L O T H E 

S A M P L E T E M P E R A T U R E W A S C O N T R O L L E D B Y F I L L I N G T H E T R I A X I A L 

C H A M B E R W I T H F L U I D „ A I R P R E S S U R E W A S A P P L I E D I N T H E T R I ­

A X I A L C H A M B E R A N D R E G U L A T E D S U C H T H A T T H E P R E S S U R E G A G E O N 

T H E T R I A X I A L C E L L I N D I C A T E D T H E D E S I R E D L A T E R A L P R E S S U R E 

( 1 0 , 2 0 , OR 4 0 P S I ) O A F T E R T H E D E F L E C T I O N A N D L O A D D I A L 

G A G E S W E R E Z E R O E D , T H E S A M P L E W A S D E F O R M E D A T T H E R A T E O F 

0 O 0 5 I N C H E S P E R M I N U T E „ S I M U L T A N E O U S R E A D I N G S O F T H E L O A D 

D I A L I N P O U N D S A N D T H E D E F L E C T I O N D I A L I N O O O O L I N C H E S W E R E 

R E C O R D E D A T S U F F I C I E N T I N C R E M E N T S T O P L O T A W E L L - D E F I N E D 

S T R E S S V S o S T R A I N C U R V E „ 

C O M P U T A T I O N O F T R I A X I A L S T R E N G T H P R O P E R T I E S Q - - V A L U E S F O R 

A N G L E O F I N T E R N A L F R I C T I O N ( 4 ? ) , A P P A R E N T C O H E S I O N ( C ) , A N D 

U N C O N F I N E D S H E A R S T R E N G T H ( S c ) W E R E C O M P U T E D F O R E A C H S E R I E S 

O F T E S T S O F O R A M O R E D E T A I L E D A C C O U N T O F T H E S E C A L C U L A T I O N 

P R O C E D U R E S , S E E A P P E N D I X I I I o A C O M P A R I S O N O F T H E V A L U E S 

O F T H E S E T E R M S U N D E R C O N D I T I O N S O F C H A N G I N G A S P H A L T C O N T E N T S 

A N D T E M P E R A T U R E S A R E S H O W N I N C H A P T E R I V „ 
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CHAPTER XV 

RESULTS 

C O M P A C T I O N A N D A S P H A L T C O N T E N T < > - - T H E E F F E C T O F A S P H A L T C O N ­

T E N T V A R I A T I O N O N C O M P A C T I O N I S I L L U S T R A T E D I N F I G U R E S 7 A N D 

80 T H E A D D I T I O N O F E A C H I N C R E M E N T O F A S P H A L T F R O M 4 O 0 T O 

60O P E R C E N T R E S U L T E D I N A U N I F O R M I N C R E A S E I N T H E B U L K 

S P E C I F I C G R A V I T Y O F T H E M I X A N D U N I F O R M , D E C R E A S E S I N T H E 

P E R C E N T V O I D S I N T H E T O T A L M I X A N D P E R C E N T V O I D S I N T H E 

C O M P A C T E D A G G R E G A T E S . T H E R E D U C T I O N O F V O I D S I N T H E T O T A L 

M I X W A S 606 P E R C E N T W H I L E T H E R E D U C T I O N I N V O I D S I N T H E 

C O M P A C T E D M I N E R A L A G G R E G A T E W A S O N L Y 2 . 0 P E R C E N T * T H I S 

I N D I C A T E S T H A T O N L Y A B O U T O N E T H I R D O F T H I S I N C R E A S E I N 

B U L K S P E C I F I C G R A V I T Y R E S U L T E D F R O M A G G R E G A T E V O I D S W I T H 

A S P H A L T • A T 7 ° 0 P E R C E N T A S P H A L T T H E B U L K S P E C I F I C G R A V I T Y 

O F T H E C O M P A C T E D S A M P L E R E A C H E D A M A X I M U M O F 2 » 3 3 A N D D R O P P E D 

B A C K T O 2 O 3 2 A T 8 * 0 P E R C E N T A S P H A L T . O V E R T H E S A M E I N C R E M E N T , 

T H E V O I D S I N T H E T O T A L M I X C O N T I N U E D T O R E D U C E , B U T A T A 

D E C R E A S I N G R A T E A N D A P P E A R T O A P P R O A C H A L I M I T O F A B O U T O N E 

P E R C E N T . NOW T H E P E R C E N T V O I D S I N T H E C O M P A C T E D A G G R E G A T E 

D R O P S S L I G H T L Y T O A M I N I M U M O F 1 6 . 8 P E R C E N T A N D S W I N G S S H A R P L Y 

B A C K U P T O l8o£J P E R C E N T O A P P A R E N T L Y T H E S A M P L E B E C O M E S 

F L O O D E D W I T H B I N D E R B E T W E E N T H E A S P H A L T C O N T E N T S O F 7 « 0 A N D 

8 . 0 P E R C E N T S A N D T H E L U B R I C A T I O N A F F O R D E D by T H E A S P H A L T 

A L L O W S T H E A G G R E G A T E T O A T T A I N T H E M O S T D E S I R A B L E O R I E N T A T I O N 



2 1 

P E R C E N T A S P H A L T B Y D R Y A G G R E G A T E W E I G H T 
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a t an a s p h a l t c o n t e n t o f abou t 7°0 per cen to Monisml th and 

" V a l l e r g a (9) conduc t ed compac t ion t e s t s on an a g g r e g a t e o f 

t h i s g r a d a t i o n a t i d e n t i c a l a s p h a l t c o n t e n t s , T h e i r r e s u l t s 

I n d i c a t e t h a t I n c r e a s i n g c o m p a c t i v e e f f o r t l o w e r s t h e amount 

o f a s p h a l t n e c e s s a r y t o a t t a i n maximum d e n s i t y * T h i s a s p h a l t 

c o n t e n t a t maximum d e n s i t y must be c o n s i d e r e d then In te rms 

o f the compac t ion e f f o r t used* A g r e a t e r compac t ion e f f o r t 

w i l l y i e l d maximum d e n s i t y a t a l o w e r a s p h a l t c o n t e n t a 

A n g l e o f I n t e r n a l F r i c t i o n and A s p h a l t C o n t e n t - F i g u r e 9 

i l l u s t r a t e s the e f f e c t o f a s p h a l t c o n t e n t on the a n g l e o f 

• in t e rna l f r i c t i o n o f t h i s mix a t l 4 0 ° F° T h i s a n g l e I n ­

c r e a s e s a l m o s t l i n e a r l y t o a peak a t 7«0 pe r cen t , a s p h a l t 

and d rops back t o 4-5 d e g r e e s a t 8QQ per c e n t a s p h a l t „ The 

shape o f t h i s cu rve compares a l m o s t i d e n t i c a l l y w i t h the VMA 

v so a s p h a l t c o n t e n t c u r v e i f one o f the c u r v e s a r e I n v e r t e d „ 

T h i s r e l a t i o n s h i p I s f u r t h e r e x h i b i t e d i n F i g u r e 1 1 where 

pe r c e n t v o i d s i n t he compacted m i n e r a l a g g r e g a t e p l o t t e d 

a s a l i n e a r f u n c t i o n o f t he a n g l e o f i n t e r n a l f r i c t i o n „ 

S i n c e the v o i d s be tween the compacted a g g r e g a t e p a r t i c l e s 

I s a measure o f the amount o f compac t ion e x p e r i e n c e d by the 

a g g r e g a t e , r e g a r d l e s s o f a s p h a l t c o n t e n t j I t I s r e a s o n a b l e 

t o c o n c l u d e t h a t the f r i c t i o n a n g l e f o r t h i s mix i s a f u n c t i o n 

o f the d e g r e e o f compac t ion e x p e r i e n c e d by the a g g r e g a t e » 

Shear S t r e n g t h and A s p h a l t C o n t e n t 0 - - T h e s h e a r s t r e s s a l o n g 

the p l ane o f r u p t u r e , j u s t p r i o r t o f a i l u r e o f the s p e c i m e n , 

when no e x t e r n a l l a t e r a l p r e s s u r e i s termed unconf ined s h e a r 

s t r e n g t h d e c r e a s e s a l o n g a convex c u r v e o f un i fo rm c u r v a t u r e 
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P e r c e n t A s p h a l t by Dry A g g r e g a t e Weight 

F i g u r e 1 1 <, U n c o n f i n e d S h e a r S t r e n g t h ( S ) and A p p a r e n t 
C o h e s i o n (C) v s . A s p h a l t C o n t e n t C u r v e s 
a t 1 4 0 ° Fo 



2 5 
a s t h e a s p h a l t c o n t e n t I n c r e a s e s f r o m 4 o 0 p e r c e n t t o a p p r o x i m a t e l y 7 , 0 p e r c e n t o H e r e t h e t r e n d s e e m s t o r e v e r s e t o a f l a t t e r s l o p e a n d d e s c e n d s t o a s h e a r s t r e s s o f 0 * 7 p s i a t 8 o 0 p e r c e n t a s p h a l t „ T h e b u l k s p e c i f i c g r a v i t y c u r v e ( F i g u r e 8 ) a n d V M A c u r v e ( F i g u r e 7 ) I n d i c a t e a c o n d i t i o n o f m a x i m u m c o m p a c t i o n a t a b o u t 7 - 0 p e r c e n t a s p h a l t a n d e x p e r i e n c e i n d i c a t e s t h a t t h i s i s c a u s e d b y t h e a s p h a l t r e a c h i n g a p r a c t i c a l l i m i t f o r t h i s a g g r e g a t e o r n e a r f l o o d e d c o n d i t i o n s a H e r e f l u i d p r e s s u r e s p r e v e n t f u r t h e r c o m p a c t i o n a n d I n c r e a s i n g a s p h a l t c o n t e n t s b e y o n d 8 o 0 p e r c e n t w e r e i m p o s s i b l e s i n c e t h e f l u i d s p r e v e n t e d s u f f i c i e n t p a r t i c l e c o n t a c t t o f o r m a c o h e s i v e s a m p l e . > T h e a b r u p t c h a n g e i n t h e c u r v e c o u l d h a v e i n d i c a t e d a n e a r s a t u r a t e d c o n d i t i o n o T h e s e g m e n t o f t h e u n c o n f i n e d s h e a r s t r e n g t h v s „ a s p h a l t c o n t e n t r e l a t i o n b e t w e e n 4 p e r c e n t a n d 7 p e r c e n t h a s a c o n v e x s h a p e w h i c h m a y b e e l i m i n a t e d b y r e m o v i n g t h e e f f e c t o f a c h a n g i n g f r i c t i o n a n g l e . S i n c e s h e a r s t r e s s o n a p l a n e i s a f u n c t i o n o f t h e f r i c t i o n a n g l e a n d t h e n o r m a l s t r e s s , t h e n t h e n o r m a l s t r e s s o n t h i s p l a n e w i l l b e a n e q u i v a l e n t i n d e x * T h i s u n c o n f i n e d n o r m a l s t r e s s , c o m p u t e d f r o m e q u a t i o n ( 3 ) i s s h o w n ( F i g u r e 1 1 ) t o v a r y l i n e a r l y w i t h a s p h a l t c o n t e n t s b e t w e e n 4 . 0 p e r c e n t a n d 7 ° Q p e r c e n t o 

3 , c 

n f t a n 
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<£F == T H E N O R M A L S T R E S S O N T H E R U P T U R E P L A N E o f A 
T R I A X I A L S P E C I M E N W I T H N O L A T E R A L S U P P O R T 
J ^ o S 0 ) , A T T H E M A X I M U M L O A D A T T A I N E D B Y 
T H E S P E C I M E N , 

S C — T H E S H E A R S T R E S S O N T H E P L A N E O F R U P T U R E A T 
T H E M A X I M U M L O A D A T T A I N E D TOY T H E S P E C I M E N , 
A N D 

TAN«#? = : T H E S L O P E O F T H E M O H R R U P T U R E L I N E <> 

O N E E X P L A N A T I O N F O R T H I S L I N E A R R E L A T I O N S H I P B E T W E E N 

U N C O N F I N E D N O R M A L S T R E S S A N D A S P H A L T C O N T E N T I S R E L A T E D T O 

T H E S U R F A C E T E N S I O N P R O P E R T I E S O F T H E A S P H A L T A T R E L A T I V E L Y 

H I G H T E M P E R A T U R E S , L 4 0 ° F I N T H I S C A S E » A T S A Y 4 O 0 P E R 

C E N T A S P H A L T A S P E C I M E N I S M O L D E D W I T H A C E R T A I N V O L U M E O F 

V O I D S W I T H I N T H E M I N E R A L A G G R E G A T E „ T H E N T H E A S P H A L T M U S T 

H A V E A C E R T A I N A M O U N T O F " F L U I D T O A I R " £ S U R F A C E A R E A 0 I F 

S U R F A C E T E N S I O N F O R C E S T E N D T O P U L L T H E A G G R E G A T E P A R T I C L E S 

T O G E T H E R , T H E N A N O R M A L S T R E S S M U S T B E I N D U C E D A T A G G R E G A T E 

C O N T A C T P O I N T S T H A T I S G O V E R N E D B Y T H E S H A P E , S I Z E , A N D 

N U M B E R O F T H E V O I D S P A C E S A R O U N D T H E P O I N T S , T H I S I S T R U E 

S I N C E S U R F A C E T E N S I O N F O R C E O N A S O L I D I S A F U N C T I O N O F T H E 

F L U I D S U R F A C E 8 S C U R V A T U R E „ NOW I F A N E Q U I V A L E N T S P E C I M E N 

C O N T A I N S S U F F I C I E N T A S P H A L T T O F I L L S O M E O F T H E S E V O I D S A N D 

T H E R E B Y D E S T R O Y T H E S U R F A C E S ^ T H E N O R M A L S T R E S S A T C O N T A C T 

P O I N T S M U S T D E C R E A S E „ I N F I G U R E 1 1 , T H E A S P H A L T I S A D D E D 

B Y W E I G H T O F D R Y A G G R E G A T E , T H E N C O N S T A N T V O L U M E I N C R E M E N T S 

A R E A D D E D T O T H E M I X I N T H I S I L L U S T R A T I O N „ B E C A U S E F I L L I N G 

T H E V O I D S I S A L S O A V O L U M E T R I C F U N C T I O N , , T H E N I T S T A N D S T O 

R E A S O N T H A T T H E U N C O N F I N E D N O R M A L S T R E S S W I L L D E C R E A S E . 
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l i n e a r l y a s v o i d s i n the compacted a g g r e g a t e are p r o g r e s s i v e l y 

inundated . An important p o i n t t o keep i n mind when d e t e r ­

mining unconf ined normal s t r e s s i s the v i s c o s i t y of the 

a s p h a l t „ For t h e above a n a l y s i s t o be v a l i d , the sample 

must be deformed a t a r a t e slow enough t o e l i m i n a t e v i s c o u s 

shear of the a s p h a l t f i i m o There are two p r o p e r t i e s of f l u i d s 

t o be c o n s i d e r e d , v i s c o s i t y and s u r f a c e t e n s i o n 0 Both v a r i ­

a b l e s are b e l i e v e d t o take p l a c e but a t h i g h temperatures 

and slow l o a d i n g r a t e s , v i s c o s i t y shear f o r c e s are q u i t e 

smal l f o r most paving grades of a s p h a l t „ 

Angle of i n t e r n a l F r i c t i o n and T e m p e r a t u r e - F i g u r e 1 3 i l l u s ­

t r a t e s the e f f e c t of temperature on the a n g l e of i n t e r n a l 

f r i c t i o n or t h e a n g l e subtended by the h o r i z o n t a l a x i s and 

rupture l i n e of the Mohr diagram» Thi s data was computed 

f2?om t r e n d curves (Figure 2 6 ) of f a i l u r e s t r e s s a t v a r i o u s 

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

As t e s t temperature was i n c r e a s e d from 1 0 ° F the a n g l e 

v a l u e s d e c r e a s e d from 5 4 d e g r e e s t o a minimum of 2 5 d e g r e e s 

a t 6 0 ° Fo The curve then ascended a t about the same v a l u e 

of slop© t o about 1 0 0 ° F where the trend t e n d s t o f l a t t e n 

and approach a h o r i z o n t a l asymptote of a n g l e of i n t e r n a l 

f r i c t i o n equa l t o 4 5 degrees„ 

S ince a s p h a l t i c c o n c r e t e pavement i s composed of a v i s ­

cous l i q u i d and a c o h e s i o n l e s s s o l i d s the p r o p e r t i e s of bo th 

I n g r e d i e n t s must determine the c h a r a c t e r i s t i c s of the mixture „ 

Shear s t r e n g t h f o r c o h e s i o n l e s s m a t e r i a l i s c h i e f l y a t t r i b u t e d 
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PJ 2 0 4 0 5 0 6 0 1 0 0 1 2 0 1 4 0 1 6 0 

T E S T Temperature In d e g r e e s F 

F i g u r e 1 2 „ The E f f e c t of Temperature on the 
Angle of I n t e r n a l F r i c t i o n of Specimens 
Conta in ing 6 Per Cent A s p h a l t 0 

T e s t Temperature i n d e g r e e s F 

F igure 1 3 « The E f f e c t T e s t Temperature on 
Unconf ined Shear S t r e n g t h and Appar­
e n t Cohes ion of Speciment Conta in ing 
6 Per Cent Asphalt . , 
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t o a g g r e g a t e c o n t a c t p o i n t s and the shear g e n e r a t e d a t a 

p a r t i c u l a r c o n t a c t p o i n t I s p r o p o r t i o n a l t o the p r e s s u r e 

f o r c i n g the p o i n t s t o g e t h e r „ The performance of l i q u i d s 

hav ing h i g h I n t e r n a l f r i c t i o n or v i s c o s i t y i s u s u a l l y d e s ­

c r i b e d by r e f e r r i n g t o the movement of two p l a t e s s e p a r a t e d 

by the l i q u i d i n q u e s t i o n e Under t h e s e c o n d i t i o n s , the 

r e s i s t a n c e of the l i q u i d i s v i r t u a l l y independent of p r e s ­

s u r e , but - v a r i e s d i r e c t l y w i t h the a r e a and d i r e c t l y w i t h 

the speed of movement. Then any c h a r a c t e r i s t i c of a pave­

ment of t h i s type must be a combinat ion of t h e s e two d i f f e r ­

e n t m a t e r i a l s u n l e s s s p e c i a l t e s t c o n d i t i o n s reduce the i n ­

f l u e n c e of some of t h e s e component c h a r a c t e r i s t i c s » 

The v a r i a t i o n of the a n g l e of i n t e r n a l f r i c t i o n shown 

i n F i g u r e l 4 may be e x p l a i n e d a s the r e s u l t a n t of two oppo­

s i t e e f f e c t s caused by d e c r e a s i n g v i s c o s i t y of the b inder a s 

the temperature r i s e s „ D e c r e a s i n g v i s c o s i t y w i t h i n c r e a s i n g 

temperature r e s u l t s i n a gradual t r a n s f o r m a t i o n of the b inder 

from a s o l i d t o a s e m i - s o l i d and f i n a l l y t o a f l u i do When 

the b inder i s a s o l i d , the amount o f shear f o r c e t r a n s f e r r e d 

from one a g g r e g a t e p o i n t t o another i s a f u n c t i o n of the 

normal p r e s s u r e between the p o i n t s but when the b inder I s a 

f l u i d , the amount of shear t r a n s m i t t e d i s a f u n c t i o n of the 

b i n d e r s v i s c o s i t y , not the normal p r e s s u r e 0 How d e c r e a s i n g 

v i s c o s i t y a l s o a l l o w s more a g g r e g a t e p o i n t s t o p e n e t r a t e the 

s e p a r a t i n g b inder f i l m s and s t r e n g t h d e r i v e d from a g g r e g a t e 

p o i n t c o n t a c t i s a f u n c t i o n of the normal p r e s s u r e j t h u s , 



3 0 

one e f f e c t seems t o c a n c e l the o ther a t about 6 0 ° P . V i s c o s i t y 

d e c r e a s e s , r e s u l t i n g from i n c r e a s e s i n t e m p e r a t u r e s , cont inue 

t o a l l o w more and more a g g r e g a t e c o n t a c t p o i n t s u n t i l the 

shear due t o v i s c o u s f o r c e s i s smal l compared t o f r i c t i o n 

f o r c e s of the aggregate„ Fur ther r e d u c t i o n i n v i s c o s i t y a t 

t emperatures above about 1 0 0 ° F e f f e c t l i t t l e change i n the 

a n g l e of i n t e r n a l f r i c t i o n j h e n c e , t h i s va lue i s c o n s i d e r e d 

a measure of t h i s m i x 0 s a g g r e g a t e ' s f r i c t i o n a l proper ty a l o n e • 

Note t h a t a combinat ion of h i g h t e s t temperature and slow 

deformat ion r a t e i s n e c e s s a r y t o e l i m i n a t e v i s c o s i t y e f f e c t s 

of the b indero 

Shear S t r e n g t h and T e m p e r a t u r e S h e a r s t r e s s a t rupture f o r 

unconf ined compress ion of a 6 C 0 per c e n t a s p h a l t i c c o n c r e t e 

pavement I s i l l u s t r a t e d i n F i g u r e 1 3 , l i k e F igure 1 2 , t h i s 

isr an i l l u s t r a t i o n of a t r e n d which was d e r i v e d from the 

f a m i l y of c u r v e s on F i g u r e 28 „ V a l u e s f o r unconf ined shear 

s t r e n g t h d e c r e a s e a s a l i n e a r f u n c t i o n of temperature i n -
0 o c r e a s e from 324 p s i a t 1 0 F t o 1 5 0 p s i a t 5 0 U F- T h i s shear 

s t r e s s t h e n c o n t i n u e s t o reduce a s temperature i n c r e a s e s , 

but a t a p r o g r e s s i v e l y s lower r a t e between the t emperatures 

of 5 0 and 1 0 0 ° F u n t i l the curve seems t o approach a c o n ­

s t a n t s l o p e between 1 0 0 and 1 4 0 ° F* 

The unconf ined shear s t r e n g t h i s a measure of the s p e c i ­

mens v i s c o u s shear r e s i s t a n c e and f r i c t i o n a l r e s i s t a n c e due 

t o i n t e r n a l normal p r e s s u r e ( s u r f a c e t e n s i o n ) on the plane 

of r u p t u r eo V i s c o u s shear i s c o n s i d e r e d the predominant 
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f a c t o r i n the unconf ined shear s t r e n g t h (Figure 13) up t o 

temperatures of about 8 0 ° Fo Between 8 0 and lAO° F the 

shear vs„ temperature g r a d u a l l y approaches a c o n s t a n t s l o p e . 

T h i s s l o p e I s c o n s i d e r e d a f u n c t i o n of s u r f a c e t e n s i o n v a r ­

i a t i o n w i t h temperature« The c o n s t a n t ang l e of i n t e r n a l 

f r i c t i o n between 110 and L 4 O ° F s u b s t a n t i a t e s an absence of 

v i s c o u s e f f e c t s <, 

S t r e s s and D e f o r m a t i o n - A n important c o n s i d e r a t i o n f o r a 

good a s p h a l t pavement i s the amount of de format ion the 

m a t e r i a l must s u s t a i n t o support a g i v e n a p p l i e d L O A D O 

F igure 1 4 i l l u s t r a t e s the e f f e c t of a s p h a l t c o n t e n t on the 

a b i l i t y of t h i s a s p h a l t c o n c r e t e t o support l o a d a t s t r a i n s 

of 0 o 5 > 1«Q, and l o 5 per cento The v a l u e s of s t r e s s i n d i ­

c a t e d f o r L O 5 per c e n t s t r a i n are very c l o s e t o the u l t i m a t e 

s t r e s s v a l u e s f o r 8 o 0 per c e n t a s p h a l t i s on ly about one-

h a l f t h a t u l t i m a t e s t r e s s „ T h i s I s an Important c o n s i d e r a ­

t i o n i n pavement d e s i g n s i n c e i m p r a c t i c a l amounts of deforma­

t i o n I s r e q u i r e d f o r a r i c h mix t o accommodate u l t i m a t e l o a d . 
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8 



3 3 

CHAPTER V 

CONCLUSIONS AND RECOMMENDATIONS 

Conc lus ions o - - ( l ) The p o i n t of maximum compaction was 

d e f i n e d a t about 7»0 per cen t a s p h a l t by we ight of 

aggregate» 

( 2 ) Th i s p a r t i c u l a r paving mixture seems t o e x h i b i t 

an a n g l e of i n t e r n a l f r i c t i o n t h a t i s d i r e c t l y dependent 

on the percentage of v o i d s e x i s t i n g i n the mix , i n ­

c l u d i n g t h a t volume occup ied by the a s p h a l t 0 

( 3 ) The shear s t r e n g t h a t z ero l a t e r a l pres sure 

d e c r e a s e s a s a s p h a l t c o n t e n t i s i n c r e a s e d from the 

l e a n e s t mix tures t o the p o i n t of maximum compaction< 

( 4 ) A f t e r c a n c e l l i n g the e f f e c t of changing f r i c t i o n 

a n g l e , the above proper ty reduces i n d i r e c t p r o p o r t i o n 

t o the volume of a s p h a l t added t o the mix between the 

l o w e s t a s p h a l t c o n t e n t s and the p o i n t of maximum com-

p a c t i o n o 
( 5 ) The r a t e of s t r a i n used i n t h i s r e s e a r c h I s suf ­

f i c i e n t l y slow t o remove the e f f e c t of v i s c o u s shear aa 

t h i s pavement D s a n g l e of i n t e r n a l f r i c t i o n i f t e s t s 

are conducted a t t emperatures above 1 2 0 ° P« 

( 6 ) Reduct ion i n t e s t temperature between 1 0 0 and 6 0 ° F 

e f f e c t e d d e c r e a s i n g a n g l e of i n t e r n a l f r i c t i o n v a l u e s 

w h i l e f u r t h e r r e d u c t i o n t o 1 0 ° F r e s u l t e d In i n c r e a s i n g 

v a l u e s 0 
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( 7 ) Specimens c o n t a i n i n g 4 . 0 , 5 ° Q , and 6 , 0 per c e n t 

a s p h a l t g e n e r a l l y r e a c h e s u l t i m a t e s t r e s s around l o 5 

per c e n t s t r a i n * 

(8 ) I n c r e a s e d l a t e r a l support and a s p h a l t c o n t e n t i n ­

c r e a s e d the amount of s t r a i n r e q u i r e d f o r rupture„ 

R e c o m m e n d a t i o n s , - - ( l ) An e x t e n s i o n o f t h i s r e s e a r c h I n t o 

many d i f f e r e n t t y p e s of pavements i s n e c e s s a r y t o 

determine i f the r e l a t i o n s h i p s d e r i v e d from t h i s 

r e s e a r c h apply t o s e v e r a l t y p e s o f a s p h a l t c o n c r e t e 

pavements<, 

(2) Improvement and s t a n d a r d i z a t i o n of compaction 

methods , u s i n g a kneading compactor, w o u l d g r e a t l y a i d 
the f i e l d of a s p h a l t pavement research« 

( 3 ) A s tudy of the shape of Mohr e n v e l o p e s f o r v a r i o u s 

paving m i x t u r e s would g r e a t l y a i d the pavement d e s i g n e r . 
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A P P E N D I C E S 
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A P P E N D I X I 
V O I D S A N A L Y S I S P R O C E D U R E ( l O ) T h e m a x i m u m t h e o r e t i c a l b u l k s p e c i f i c g r a v i t y , D , w a s d e t e r m i n e d f o r e a c h a s p h a l t c o n t e n t f r o m t h e b a t c h w e i g h t s a n d b u l k s p e c i f i c g r a v i t i e s o f t h e m i x i n g r e d i e n t s • 

^ 1 ^ 2 • w h e r e W ^ , , W > a n d a r e t h e b a t c h w e i g h t s o f t h e c r u s h e d s t o n e , m i n e r a l f i l l e r , a n d a s p h a l t , w h i l e G , , G ^ a n d G 0 r e p r e s e n t s t h e i r r e s p e c t i v e b u l k s p e c i f i c g r a v i t i e s „ T h e p e r c e n t v o i d s i n t h e t o t a l m i x , V , w a s t h e n c o m p u t e d f r o m t h e t h e o r e t i c a l m a x i m u m b u l k s p e c i f i c g r a v i t y a n d t h e a v e ­r a g e b u l k s p e c i f i c g r a v i t y o f t h e t e s t s p e c i m e n s f o r e a c h a 3 p h a l t c o n t e n t 0 
v . mJzuLM , (5) 

w h e r e s D t m t h e t h e o r e t i c a l m a x i m u m b u l k s p e c i f i c g r a v i t y , a n d G « t h e a v e r a g e b u l k s p e c i f i c g r a v i t y f o r e a c h a s p h a l t c o n t e n t , T h e p e r c e n t v o i d s i n t h e c o m p a c t e d a g g r e g a t e , ( T E A ) , w a s c o m p u t e d f r o m t h e t h e o r e t i c a l b u l k s p e c i f i c g r a v i t y o f t h e c o m p a c t e d a g g r e g a t e , ( d ) , a n d t h e b u l k s p e c i f i c g r a v i t y 
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of the compacted a g g r e g a t e , ( g ) , In the t e s t specimens« The 

t h e o r e t i c a l g r a v i t y was computed by u s i n g formula - but 

e x c l u d i n g a s p h a l t -weights and g r a v i t i e s from the c a l c u l a t i o n 

The bulk s p e c i f i c g r a v i t y of the compacted a g g r e g a t e i n the 

t e s t specimen must be p r o p o r t i o n a l t o the p e r ' c e n t a g g r e ­

g a t e c o n t a i n e d there i n 0 Then the f o l l o w i n g r e l a t i o n must 

e x i s t % 

¥ 1 + W P +
 ¥ 3 + W 0

 G ' (6' 
where z 

G » the bulk s p e c i f i c g r a v i t y of the compacted 
specimen, 

g am the bulk s p e c i f i c g r a v i t y of the compacted 

m b a t c h we ight In grams of crushed s tone i n the mix, 
W 2 » ba tch we ight i n grams of minera l f i l l e r In the 

mix , and 

Wq, S B ba tch we ight i n grams of a s p h a l t i n the mix «, 

The par c e n t v o i d s in the compacted a g g r e g a t e , (VMA), 
was then computed from the t h e o r e t i c a l maximum s p e c i f i c 

g r a v i t y of the compacted a g g r e g a t e (d) and the bulk s p e c i f i c 

g r a v i t y of the compacted a g g r e g a t e (g ) by the f o l l o w i n g 

r e l a t i o n s h i p s 
VMA . 1 0 0 1 g ' . 

a 

R e s u l t s of t h e s e c a l c u l a t i o n s appear i n F igure 7 ° 
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APPENDIX I I 

STRESS AND STRAIN CALCULATION PROCEDURE AND CURVES 
PROCEDURE 

The data ob ta ined from each t r i a x i a l test was con­

v e r t e d I n t o a s t r e s s v e r s u s s t r a i n c u r v e . S imultaneous 

d i a l and l o a d r e a d i n g s were p l o t t e d and a curve was drawn 

through the p o i n t s , The lower s e c t i o n of t h i s curve was 

extended back t o z e r o l oad t o determine the d i a l r e a d i n g 

a t zero d e f o r m a t i o n 0 The d i a l r e a d i n g a t z ero deformat ion 

was s u b t r a c t e d from each recorded d i a l r e a d i n g t o o b t a i n 

the spec imen•s deformat ion and t h i s was c o n v e r t e d t o s t r a i n 

i n i n c h e s per inch by d i v i d i n g deformat ion by the s p e c i m e n ' s 

i n i t i a l height«, The s p e c i m e n 5 s end area was c o r r e c t e d f o r 

b u l g i n g during l o a d i n g by the specimen 1 1 s i n i t i a l h e i g h t « 

The specimen 1 1 s end area was c o r r e c t e d f o r b u l g i n g during 

l o a d i n g by the f o l l o w i n g formulas 

where s 

A c a * new loaded area In square I n c h e s , 
A tm the specimens i n i t i a l end -area In square i n c h e s , 

and E » the computed s t r a i n i n i n c h e s per i n c h f o r each 
l oad r e a d i n go 

Then the d i f f e r e n t i a l s t r e s s f o r each l oad r e a d i n g was 

computed by d i v i d i n g the l o a d by the corresponding new area« 
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The p r e s s u r e a c t i n g on the spec imen ' s t o p was not added at 
t h i s t i m e . The a x i a l s t r e s s p l o t t e d on s t r e s s v e r s u s s t r a i n 

curves was a d i f f e r e n t i a l s t r e s s (<0" - 0 ° o ) o 
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<f A J I ^ ^ 5 

S t r a i n (£ ) i n Inches per i n c h . 
F igure 15o D i f f e r e n t i a l S t r e s s ? s . S t r a i n Curves f o r S p e c i ­

mens Conta in ing 4 per c e n t A s p h a l t a t l 4 o ° P . 
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Figure 17« D i f f e r e n t i a l S t r e s s vs„ S t r a i n Curves f o r 
Specimens Conta in ing 6 o 0 per c e n t A s p h a l t 
a t 1 4 0 ° Fo 
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F i g u r e 19° D i f f e r e n t i a l S t r e s s v s „ S t r a i n Curves f o r 
Specimens Conta in ing 8*0 per c e n t A s p h a l t 
a t 140° P . 
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F i g u r e 20„ D i f f e r e n t i a l S t r e s s vs* S t r a i n Curves f o r 
Specimens Conta in ing 6 « 0 per cen t A s p h a l t 
a t Y0^ F« 
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S t r a i n (€ ) In Inches per Inch 

F i g u r e 21» D i f f e r e n t i a l S t r e s s v s 0 S t r a i n Curves f o r 
Specimens Conta in ing 6*0 per cen t A s p h a l t 
a t 3 5 ° Fo 
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f o r Specimens Conta in ing 60O per cen J 

A s p h a l t a t 0 ° F . 
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APPENDIX I I I 

CALCULATION OF MOHR DIAGRAM COMPONENTS 

The v a l u e s f o r apparent c o h e s i o n (C) and a n g l e of i n t e r 

na l f r i c t i o n are normal ly determined g r a p h i c a l l y from the 

Mohr rupture enve lope (F igure 3 ) by drawing s t r e s s c i r c l e s 

and c o n s t r u c t i n g a tangent t o t h e s e c i r c l e s * However, d i f ­

f i c u l t y sometimes a r i s e s when a l i n e must be c o n s t r u c t e d 

t a n g e n t t o s e v e r a l c i r c l e s t h a t r e s u l t from exper imenta l 

d i f f e r e n c e s i n Laboratory t e s t d a t a 0 A more r e a l i s t i c 

method f o r de termin ing t h e s e index p r o p e r t i e s has been 

deve loped f o r m a t e r i a l s w i t h s t r a i g h t rupture l i n e s Q 

T h i s method i n v o l v e s p l o t t i n g r e s u l t s from t r i a x i a l 

t e s t s on an u l t i m a t e a x i a l s t r e s s L a t e r a l Pressure 

( 0 * 3 ) graph (F igure 2 5 ) » Here a l i n e may be drawn through 

the data p o i n t s by the method of l e a s t squares and the s l o p e 

of t h i s l i n e w i l l y i e l d s u f f i c i e n t i n f o r m a t i o n f o r a d e t e r ­

m i n a t i o n of the a n g l e of i n t e r n a l f r i c t i o n , , An e x p r e s s i o n 

( 9 ) may be d e r i v e d from the geometry of a s t r a i g h t rupture 

enve lope t h a t e x p r e s s e s the f i r s t p r i n c i p a l s t r e s s j) i n 

terms of l a t e r a l p r e s s u r e (CT^)s a n g l e of I n t e r n a l f r i c t i o n 

1̂ >) and c o h e s i o n ( 0 ) c 

(5~1 -=.6^ t a n 2 ( 4 5 + 4 / 2 ) 4 - 2C tan ( 4 5 4 - £ / 2 ) . ( 8 ) 
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D i f f e r e n t i a t i o n o f t h i s e q u a t i o n y i e l d s t h e f o l l o w i n g 

e x p r e s s i o n f o r t h e s l o p e o f theCf^ v s * <T^ c u r v e i n t e r m s 

o f t h e a n g l e o f i n t e r n a l f r i c t i o n 

aa 
aa3 

1 — i ^ / l i r _ | _ 

and s o l u t i o n o f e q u a t i o n 8 f o r z e r o l a t e r a l p r e s s u r e y i e l d s 

2C t a n ( 4 5 -h £ / 2 ) „ ( 1 0 ) 

where I I s t h e i n t e r c e p t o f ths(T^ a x i s and o f t h e ( J ^ v s . 

d^ r e l a t i o n ( F i g u r e 25) j t h e n , 

C = 2 t a n (45 4 - p/2) ° 
A n o t h e r i m p o r t a n t i n d e x p r o p e r t y o f an a s p h a l t i c c o n ­

c r e t e m i x i s t h e s h e a r s t r e s s on t h e p l a n e o f f a i l u r e when 

n o e x t e r n a l s u p p o r t i s a p p l i e d t o t h e s p e c i m e n . . T h i s v a l u e 

i s d e f i n e d a s t h e p o i n t o f t a n g e n c y b e t w e e n t h e r u p t u r e l i n e 

and a s t r e s s c i r c l e drawn t h r o u g h t h e o r i g n o f a Mohr D i a ­

gram* L i k e a p p a r e n t c o h e s i o n and a n g l e o f i n t e r n a l f r i c t i o n , 

i t may be s o l v e d g r a p h i c a l l y o r by t h e g e o m e t r y of a Mohr 

r u p t u r e e n v e l o p e » T h i s u n c o n f i n e d s h e a r s t r e n g t h ( S Q ) may 

be e x p r e s s e d i n t e r m s o f t h e a n g l e o f I n t e r n a l f r i c t i o n and 

t h e u l t i m a t e a x i a l s t r e s s (C^) where l a t e r a l p r e s s u r e e q u a l s 

z e r o o 

5 = tt coscfc i f CTo- 0 o (12) 
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Then Mohr Diagram components s ang l e of i n t e r n a l f r i c ­

t i o n , apparent c o h e s i o n ( C ) , and unconf ined shear s t r e n g t h 

( S c ) were computed from t r i a x i a l data w i t h a p p l i c a t i o n of 

e q u a t i o n s 5 > 7s and 8 r e s p e c t i v e l y „ F i g u r e s 2 5 , 2 6 , 2 7 , 2 8 

and 2 9 were used t o o b t a i n n e c e s s a r y data t o compute t h e s e 

p r o p e r t i e s by u s i n g the i n d i c a t e d formulas« 



4 0 0 1- k% A s p h a l t 1 4 0 F 

300 L 

2 0 0 L 

1 0 0 h 

0 10 20 3 0 40 

L a t e r a l Pressure (<5^) In p s i 

• H OQ P. 
a 

63 

CO 
(D 

P* 

F i g u r e 2 3 « A x i a l S t r e s s a t Rupture 
v s . L a t e r a l Pressure f o r 
Specimens Conta in ing 4 o 0 
per c e n t Asphal t a t l 4 0 ° F o 

400 A s p h a l t 140 F 

3 0 0 h 

! 0 0 h 

100 h 

0 

0 10 20 30 40 

L a t e r a l Pressure (C^) i n p s i 

F i g u r e 24„ A x i a l S t r e s s a t Rupture 
v s 0 L a t e r a l Pressure f o r 
Specimens Conta in ing 5 ° g 
per c e n t Aspha l t a t 140 F 



400 r 6 # A s p h a l t l 4 0 ° F 

300 h 

200 h 

100 h 

0 

4 0 0 r - 7 ^ A s p h a l t 140° F 

10 20 30 40 

e (@"~) In p s i 

F igure 2 5 o A x i a l S t r e s s a t Rupture v s 0 

L a t e r a l Pressure f o r Spec i~ 
mens Conta in ing 6.0 per c e n t 
A s p h a l t a t 140^ F o 

03 
Pi 

m © 
U -P 
CO 

<D 

300h 

2 0 0 h 

100 

L a t e r a l Pressure (0^) i n p s i 

F igure 2 6 . A x i a l S t r e s s a t Rupture 
vso L a t e r a l Pres sure f o r 
Specimens C o n t a i n i n g 7 -0 
per c e n t Aspha l t a t l 4 0 ° F 



5 3 

a 3 0 0 

• H 

^ 2 5 0 

200 

150 h 

4 3 
ft 

100 

5 0 h 
0 

Asphalt 140° P 

L a t e r a l Pres sure ( c T ^ ) In p s i 

F igure 2 7 o A x i a l S t r e s s a t Rupture vs» L a t e r a l 
Pres sure f o r Specimens Conta in ing 8 0 O 
per c e n t A s p h a l t a t 1^0 F . 



5 4 

4o 8o 120 l 6 o 

T e s t Temperature In °F 

F igure 28„ The E f f e c t of Temperature on A x i a l 
Rupture S t r e s s of Specimens T e s t e d 
a t L a t e r a l P r e s s u r e s of 1 0 , 2 0 , and 4 0 p s i o 



5 5 

m ft 
a 

+> 
ft 

4 3 

C 0 

03 
o a 

C Q 

r H 

• H 

1 5 0 0 

1400 

1 3 0 0 

1 2 0 0 

1 1 0 0 

1 0 0 0 

9 0 0 

8 0 0 

7 0 0 

6 0 0 

5 0 0 

400 

3 0 0 

2 0 0 

1 0 0 

A s p h a l t 

o % 

1 0 20 30 4 0 

L a t e r a l Pressure (0^) i n P s i 
F i g u r e 2 9 ° A x i a l S t r e s s a t Rupture vs<> L a t e r a l 

P r e s s u r e f o r Specimens Conta in ing 6 , 0 
per c e n t A s p h a l t a t T e s t Temperatures 
of 0 , 1 0 , 2 0 , kO, 6 0 , 8 0 , 1 0 0 , 1 2 0 , 

and l 4 0 ° F . 



56 

BIBLIOGRAPHY 

C i t e d R e f e r e n c e s 

l o T e r z a g h i , Karl and Peck, Ra.lph B O , S o i l Mechanics i n 
E n g i n e e r i n g P r a c t i c e 0 John W i l e y & Sons , New York 
( l 9 4 f e j , ppo 9 6 , 9 7 O 

•a, George Bo and Sowers, George P O , I n t r o d u c t o r y 
S o i l , Mechanics and F o u n d a t i o n s 0 The MacMIllan C o , , New 
York ( 1 9 5 6 ) , p* 4 3 . 

3 ° Endersby , Vo A . , "The H i s t o r y and Theory of T r i a x i a l 
T e s t i n g , and the P r e p a r a t i o n of R e a l i s t i c T e s t S p e c i ­
mens o" T r i a x i a l T e s t i n g of S o i l s and Bituminous Mix­
t u r e s , American S o c i e t y f o r T e s t i n g M a t e r i a l s S p e c i a l 
T e c h n i c a l P u b l i c a t i o n No. 1 0 6 (1951)* P« 1 6 o 

4o I b i d , p p 0 l 6 - l 8 o 

5o Hveem, Po No and D a v i s , Ho E», "Some Concepts -Concerning 
T r i a x i a l Compression T e s t i n g of A s p h a l t Paving Mixtures 
and Subgrade M a t e r i a l s T r i a x i a l T e s t i n g of S o i l s and 
Bituminous Mixtures^ ASTM S . T 0 P 0 fJo0 106 ( l 9 5 1 ) / p ° 2 9 o 

60 Monismlth, Co Lo and ¥ a l l e r g a , B . ' A » , " R e l a t i o n s h i p 
Between D e n s i t y and S t a b i l i t y of A s p h a l t i c Paving Mix­
t u r e s O " P r o c e e d i n g s . A s s o c . of A s p h a l t Paving Techno lo ­
g i s t s , V O L O ' 2 5 ( I 9 5 0 ) PP° 8 9-101 o 

7o Georgia S t a t e Highway Department, Standard SP e o I f i c a t I o nS 
f o r - C o n s t r u c t i o n of Roads and B r i d g e s fl9'47l'*" t>° ld'b~AO" 

80 Mix Des ign f o r Hot-Mix A s p h a l t Pav ing , The A s p h a l t I n s t i - , 
t u t e , C o l l e g e Park" M a r y l a n d ( 1 9 5 6 ) " pp. 6 5 - 1 0 4 0 

9o Monismith, Co Lo and V a l l e r g a , Bo A » , _orj0 c i t o 

10o Fundamentals of Aspha l t Paving„ The Ohio Oi l Company, 
" ( 1 9 4 9 J PP» 1 2 3 - 1 2 7 . 

LL-O T e r z a g h i , Kar l , T h e o r e t i c a l SoijL Mechanics , John Bo 
Wiley & Sons , N e w " Y o r k " (1947 ) , p* 2 2 „ • ' . 

Other R e f e r e n c e s 

L O B i s h o p , Ao W O and Henkel , Do J . , The Me a s ur erne n t of t So JLJL 
P r o p e r t i e s In the T r i a x i a l T E S T O Edward Arnold'"''(Publisher3) 
L t d l , London (1957)* 



5 7 

2 O Hveem, P . NO and V a l l e r g a , BO A.,, "DENSITY VERSUS STA­
b i l i t y P r o c e e d i n g s , ASSOC .-. of ASPHALT PAVING Tech­NOLOGISTS, VOLO 2 1 ( 1 9 5 2 ) o 

3 o Mack, C h a r l e s , "Deformation Mechanism and Bear ing S t r e n g t h 
of Bi tuminous Pavements ." ZR^ e e d i n g g . » HIGHWAY Research 
Board, V o l , 3 3 (1954), pp» L3B-L6O. 

4 „ McLeod, NORMAN ¥0 , "SELECTING THE AGGREGATE SPECIFIC 
G r a v i t y f o r Bituminous Paving MIXTURES „ PROCEEDINGS » HIGHWAY Research Board, Yol„ 'SG (1957)> pp . 2B3-31&. 

5 o Oppenlander, J« C* and G o e t z , WO H*, " T r i a x i a l T e s t i n g of 
Bituminous. Mixtures a t High Conf in ing P r e s s u r e s 0

1 1 Pro­
c e e d i n g s , HIGHWAY RESEARCH BOARD, V O L . 3 7 (1958), pp„ 
201 - 2 1 5 

6 0 N i j b o e r , LO WO, PLASTICITY .as^a FACTOR i n ^ t h g ^ D ^ l g n ^ o f 
.DENSE BIT fuming US ROAD GAR PETS U ELSEVIER P u b l i s h i n g 
Company7~L5CTJ'""NEWYORLFTL94'§) U 

7° S a a l , RO NO J„ AND Labout , J» WO A C , "Rhe©logical Prop­
e r t i e s OF A s p h a l t s , " Rh8 0lo|2^_THEP-£,YIL AND APPLICATIONS, YOLO I I , EDITED by F r e d e r i c k R I E i r l c h , Academic P r e s s 
I n c . , NEW York (1958), pp» 388-400„ 

80 V a l l e r g a , B* A O , "The T r i a x i a l I n s t i t u t e and THE S t a b i l o -
meter» P R O C E E D I N G SA s s o c » OF ASPHALT PAVING TECHNOLO­GISTS,, V O T T 3 ? ~ T I 9 5 5 ; » 

9O Van DER P o e l , "Road A s p h a l t . " BUILDING M a t e r i a l s , 
OH., IX, E d i t e d toy M . Re iner and A.. G,, Wardo I n t e r -
s c i e n c e P u b l i s h e r s , INC.. New York (1954), pp* 391-412„ 


