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DETAILED T E S T PROCEDURES FOR DESIGN AND F I E L D CONTROL 

OF ASPHALT PAVING MIXTURES 

By 
JOHN M. GRIFFITH* 

This paper d e l i n e a t e s the t e s t pro
cedures which have resulted from the com
prehensive i n v e s t i g a t i o n o u t l i n e d i n the 
preceding papers o f t h i s symposium. The 
a p p a r a t u s used i n the l a b o r a t o r y i s 
described and the method of selecting de
sign asphalt contents from the t e s t data 
i s discussed. Since t h i s t e s t method i s 
also adaptable for use i n the construction 
control o f plant mixtures and f o r determin
in g the properties of in-place pavements, 
by means o f core samples, a d e s c r i p t i o n 
o f these features i s included. A l i s t o f 
the equipment r e q u i r e d t o conduct the 
t e s t s subsequently o u t l i n e d i s shown on 
Table 1. Detailed working drawings of the 
compact) z>n and t e s t i n g equipment are shown 
on Figures 1-5 i n c l u s i v e . 

The completed assembly o f Ma r s h a l l 
s t a b i l i t y t e s t i n g equipment mounted i n 
the CBR frame i s shown on Figure 5. H i i s 
t e s t i n g equipment c o n s i s t s o f the CBR 
t e s t i n g frame i n which i s mounted a prov
i n g r i n g w i t h gage d i a l , screw-jacking 
mechanism, the f l o w meter and Marshall 
s t a b i l i t y breaking head, and a penetration 
p i s t o n used as an extension by which t o 
transf e r load appliedby jack t o the prov
ing r i n g . 

LABORATORY TEST FOR DESIGN OF ASPHALT 
PAVING MIXTWES 

Penetration of asphaltic mixture - When 
using the method t o design a bituminous 
pavement mix, i t i s f i r s t d e s i r a b l e t o 
make a sieve analysis and to determine the 
s p e c i f i c g r a v i t y o f the aggregates and 
f i l l e r proposed f o r use. Spe c i f i c grav
i t y o f the asphalt cement likewise should 

'Engineer, Chief, Bituminous Sectiion, 
Flexible Pavement Branch, Waterways Experi
ment Station, CE, Vicksburg, Miss. 

be determined for use in computations as 
discussed later. Hie proper proportions 
of various types of aggregates and f i l l e r 
to produce a reasonable gradation may then 
be determined. Depending on the quantity 
of the material to be produced and local 
costs of various aggregates, i t may be 
d e s i r a b l e to i n v e s t i g a t e a number of 
aggregate blends. 

To insure accurate control of blends 
in the preparation of test mixtures, the 
aggregate should be separated into frac
tions, and v^ere adequate heating f a c i l i 
t i e s are a v a i l a b l e the following s i z e 
s e parations are suggested: 3/4 i n . , 
% in. , 3/8 in., Nos. 4, 10, 40, 80, 200. 
Aggregate larger than 1 in. should not be 
used in the standard equipment with this 
test method. 

Al l separated fractions of aggregate and 
f i l l e r should be heated separately to 
temperatures between 350 F. and 375 F. 
Asphalt cement should be heated to tem
peratures between 250 F. and 280 F., but 
should not be held at t h i s temperature 
for more than one hour. Figure 6 shows 
aggregate h e a t i n g f a c i l i t i e s a t the 
Waterways Experiment Station. After a l l 
materials have reachted the desired tem
perature, the bow] or pan in which the 
mixture i s to be prepared i s placed on a 
solution balance and tared. Hie aggregate 
and f i l l e r are then scooped from the heat
ing pans and weighed in proportions c a l 
culated to give approximately 3000 gms of 
the desired blend. When removing the ag
gregates from the heating pans, a repre
sentative sample of the material may be 
obtained by scooping to the bottom of the 
pan; otherwise segregation may occur. The 
aggregate and f i l l e r are then thoroughly 
mixed by a trowel or large spatula. Ag
gregate temperatures should then be be-
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EQUIPIIENT RECUIREMENTS FOR LABOnATORY TESTS 

CempactiOD a s M c r i i n d v r 
C oBpaction B o l d baa« plat« 
Co o p a c t i o o a o l d c o l U r 
Coapaccion hatiaer 
l U r a h a l l b r e a k i a g h«>d 
Fla > BStar 
Ttmltag • • c h i n e 
Saapl« o s t r a c t e r 

Ovens o r h a t pUc«a f o r h a a t i n g a g s r s s a t a , aapKaU ceaent 
and B o l d i B S ttquipaeat 

Pans f o r h e a t i n g a g i r a g a t a 
Can «ith pitck«r-typa haadia f o r h a a t i n s a a p h a l t canant 
U i x i D S b o v i a or pan* f o r n i s i n t a f f r e g a t a and a a p h a l t caaent 
I t a c h a n i e a l bakarv or r a a t a a r a n t - t y p a a i x o r 
Scoop f o r b a o d l i o f h o t a i g r o g a t a 
Sqnaro p o i a t o d aaaoDa t r o v a U 
S p a t u l a a 
T h e r a o B o t e r a f o r d a t e r n u i n g a i x t u r o t o n p a r a t n r a a 

CempactioD p a d i a t a l , s u p p o r t f o r c o n p a c t i o n a o l d * h i l a t a a p i a g 

Hot > a t e r b a t h «ith p o r f o r a t e d f a l a o b o t t o n f o r h a a b i n g 
t e a t apaciBona, t h e r n o a t a t i c a l l y c o D t r o U a d f o r UO-dograo 
P t 1-dagraa 

Th a r B o a o t e r a f o r h o t «atar b a t h 

S o l u t i o o balaaco f o r v e i g h i n g a g g r a g a t a and a a p h a l t 
Balance t o r > e i g h i n g coapacted apociaena 
Saddle and «ire bask e t f o r v e i g h i n g apecmans nodar v a t a r 
Water bucket f o r v o i g h i n g apocinons under w a t e r 
• e l d e r s g l o v e s , or a i a i l a r . f o r h a n d l i n g hot a q u t p a e n t 

No 
H5q^ 

1 2 
2 
2 

Rcaarks 

Sea F i g a r o 1 
Seo F i g n r a 1 
Sea F i g u r e 1 
See F i g u r a 3 c 
See F i g a r o 3 
See F i g u r e 3 
See F i g a r e a 4 and S 
See F i g u r e J 
A p p r o x i a a t o l y 1 2 - a q - f t b e a t i n g s u r f a c e area ( a p p r a x i B B t o l y I S - f t by 

a - f t ) I S d e s i r a b l e 
A p p r o x i a a t o l y 1 2 - i n x 18->B X 4 > I B 
l > g a l l o n c a p a c i t y 
A p p r o x i a a t e l y 1 0 < q i i a r t c a p a c i t y To f i t a o c h a n i c a l a i x e r i f a v a i l a b l e 
A p p r o K i n a t e l y 1 0 > q n a r t c a p a c i t y 
2-qDart e i i e 
2-iD a 4-10 b l e d e , «ood baadle 
l > i D a 6-iD b l a d e , eood h a n d l e 
D t a l - t y p e v i t k a e t a l a t e s or a r a o r o d g l a a a Cheraoaeter, a i B i a n a 

a e o s i t i v i t y 5-degroo F , range 50-degree P t o 400-degree P 
$•10 X 6 - i n wood p o s t capped v i t h 12>io x 1 2 - i n a 2 - i n wood, 

and 12-iB x l 2 > i n x 1 - i n s t e e l p l a t e , s n p p o r t o d on c o n c r e t e 
baae o r f l o o r s l a b 

A p p r o x i a a t e l y 1 S > I B X 3 0 > i n x 9 - l o deep 

U e r c n r r t b e r a o a e t e r e , 0 2-degree F d i v i s i o o a . 134-degree F t o 140< 
degree P range 

20-kg c a p a c i t y , a e n a i t i v o t o 1 ga 
2- l i g c a p a c i t y , a e o a i t i v o t o 0 S-ga 

I 
3 p r 

A p p r o x i a a t e l y 1 0 - q u a r t c a p a c i t y 

tween 340 F. and 360 F. Upon attaining 
the desired mixing temperature, a crater 
i s formed in the mixing bowl or pan. The 
bowl (or pan) and ageref^tes are rebalan
ced on the solution balance and the hot 
asphalt cement i s introduced i n the re
quired amount. 

The amounts of asphalt cement used i n 
the preparation of test specimens necessar-
i l y must be estimated, since one of the 
primary objectives of the test method i s 
to determine the optimum asphalt content. 
An estimate of the optimum asphalt con
tent based on judgement and past exper
ience with similar mixtures i s adequate 
for a starting point. T r i a l mixtures are 
prepared at the estimated optimum asphalt 
content and generally at asphalt contents 
1 and 2 percent below and above the e s t i 
mated optimum asphalt content. Experience 
has indicated that eig^t test specimens are 
required at each asphalt content to as
sure adequately accurate test data. 

Mining i s accomplished immediately 
a f t e r the introduction of the asphalt 
cement and should be completed as rapidly 
as possible. Mixing may be done either 
by hand or in a mechanical mixer. A 10-

to 14-quart bread doug^ mixer i s reconinend-
ed. Thorough mixing should be accomplish
ed within two minutes. "Die temperature 
of the mixture should not be below 225 F. 
upon completi'on of mixing. I f below thi s 
temperature, the mixture should be d i s 
carded and the process repeated. The 
mixture should not be reheated after mix
ing. 
Preparation of test specimens - Production 
of test specimens i s i n i t i a t e d immediately 
after mixing i s completed. The compaction 
hammers and compaction molds should be 
heated to between 200 and 300 F., cleaned 
and ready for use. A l l of the mixture i s 
f i r s t transferred from the mixing bowl to 
a large pan, divided equally, and each 
h a l f placed i n a compaction jnold. A 
piece of f i l t e r paper or paper toweling, 
cut to s i z e and placed i n the bottom of 
the mold before the mixture i s introduced, 
f a c i l i t a t e s removal of the base plate 
a f t e r compaction. After the mixture i s 
transferred to the molds, compaction pro
ceeds iinnediately. 

The temperature of the mixture imnedia-
t e l y p r ior to compaction should not be 
les s than 225 F. After the mix has been 



ASPHALT PAVING MIXTURES 79 

ui lU 



80 ASPHALT PAVING MIXTURES 

in 

'I 
< t 
2 5 M 
i i 
8 



ASPHALT PAVING MIXTURES 81 

m 

. 1 

@ 

® 

© 
I : 

?! PI 

I'M 
lip 

±1 

i 

® 
2 

Figure 3 



OS 
to 

A D J U S T A B L E J A C K C R A M K 

i\m. YItW 
ICNO PLA-rc RCMOVeO) 

rW9WT IWYATWM ilBt YltW 
(LOWCR) (OPPtf l ) 

y C T M H B-B 

SECTIOM 

L O W D I PBwiMQ°BIHtt'^ASlMlMT« 

DETAILS OF SCREW JACK AND 
PROVING RING ATTACHMENT 

FOR M A R S H A L L STABILITY APPARATUS 

i 

i 

1 
03 

Figure 4 



ASPHALT PAVING MIXTURES 83 

COMPLETE ASSEMBLY 
WITH PROVING RING MOUNTED 

IN CBR FRAME 

FOR MARSHALL STABIUTV APPARATUS 

Figure 5 
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Figure 6. Aggregate and Asphalt Heating 
F a c i l i t i e s 

placed i n the mold, the c o l l a r i s removed 
and the s u r f a c e of the m a t e r i a l smoothed 
with a trowel to a s l i g h t l y rounded shape. 
The c o l l a r i s then r e p l a c e d and the su r 
face o f the mix l e v e l e d u s i n g hand pres
sure on a heated sample e x t r a c t o r (Figure 
7 ) . An e x t r a sample e x t r a c t o r equipped 
w i t h a wooden handle e x t e n s i o n i s handy 
for t h i s purpose. The mold assembly i s 
placed on a heavy s u b s t a n t i a l compaction 
b a s e , the h e a t e d compaction hammer i s 
p l a c e d on the specimen and 50 blows o f 
the hammer are a p p l i e d . A f t e r t h i s the 
base plate and c o l l a r are removed and the 
mold reversed and reassembled so that the 
base p l a t e i s a d j a c e n t t o the o r i g i n a l 
top of the specimen. F i f t y blows of the 
compaction hammer are then applied to t h i s 
face of the specimen. 

The base p l a t e and c o l l a r are removed 
and the mold with the specimen i n s i d e i s 
immersed i n cool water for approximately 
two minutes, a f t e r which the c o l l a r i s 
r e p l a c e d on the mold and the sample ex
t r a c t o r i s placed on the opposite end of 
the specimen. Hie assembly i s then placed 
with the mold c o l l a r down i n the compres
s i o n machine, and pr e s s u r e i s ap p l i e d to 
the sample e x t r a c t o r , f o r c i n g the specimen 
i n t o the mold c o l l a r . The specimen may 
then be removed from the mold and s u i t 
ably i d e n t i f i e d . I t should be c a r e f u l l y 
handled and placed on a smooth Eind l e v e l 
s u r f a c e u n t i l ready f o r t e s t i n g . The 
height of the specimen should be i n . i 
1/8 i n . 

Testing specimens - S p e c i m e n s may be 
t e s t e d a t any time a f t e r p r e p a r a t i o n . 
Weights are determined for each specimen 
by weighing i n a i r and suspended under 
water ( t o obtain the volume). The water 
should not contain an excess of suspended 
or d i s s o l v e d m a t e r i a l s and i t s tempera
t u r e should be approximately 77 F. The 
volume of specimens having an open t e x 
t u r e i s determined by me a s u r i n g t h e i r 
height and diameter as a c c u r a t e l y as pos
s i b l e or by coating with p a r a f f i n . 

The specimen i s immersed i n a water 
bath a t 140 F. ± 1 deg. for a p e r i o d of 
at l e a s t 20 min. A f t e r t h i s period i t i s 
ready to be te s t e d for s t a b i l i t y and flow 
i n the Marshall apparatus; however, t e s t -

Figure 7. Sample E x t r a c t o r 

ing should not be begun u n t i l a l l appara- • 
tus i s i n readiness, as follows: 

a. The i n s i d e s u r f a c e s o f the upper 
and lower t e s t heads and the guide • 
rods of the b r e a k i n g head s h o u l d ; 
be thoroughly c l e a n e d , the guide ' 
rods w e l l l u b r i c a t e d , and the upper 
t e s t head should s l i d e f r e e l y over; 
the guide rods to the lower t e s t , 
head. ' 

b. Clearance between the j a c k and the 
lower proving r i n g support should 
be j u s t s u f f i c i e n t to permit i n t r o - i 
duction of the t e s t mold. i 
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A f t e r the nec e s s a r y preparations have 
been completed, the specimen i s removed 
from the hot water bath and f i t t e d to 
t e s t i n g p o s i t i o n on i t s s i d e i n the lower 
p a r t of the bre a k i n g head; the complete 
assembly i s then placed i n t e s t i n g p o s i 
t i o n i n the co m p r e s s i o n machine. The 
flow meter i s placed on one of the guide 
rods and pressed down a g a i n s t the upper 
t e s t head, and the i n i t i a l reading of the 
flow meter i s made and recorded. Pressure 
i s then a p p l i e d to the specimen i n such 
a manner t h a t the j a c k head r i s e s at a 
r a t e o f 2 i n . per min. F a i l u r e of the 
specimen occurs and i s recorded when the 
load-measuring d i a l reaches i t s maximum 
reading and begins to return toward zero. 
The t o t a l number of pounds r e q u i r e d t o 
produce f a i l u r e o f the specimen i s r e 
corded as i t s s t a b i l i t y v a l u e . I n order 
to prevent e x c e s s i v e cooling of the s p e c i 
men with a r e s u l t i n g i n c r e a s e i n s t a b i l i t y 
value, the e n t i r e t e s t procedure from the 
time the specimen i s removed from the 
water bath should be performed as q u i c k l y 
as p o s s i b l e ; normally, the t e s t should be 
pe r f o r m e d i n about 30 s e c . F i g u r e 8 
shows d e t a i l s o f a specimen r e a d y f o r 
t e s t i n the f i e l d apparatus. A close-up 
view of the specimen, t e s t head and flow 
meter i s shown on Figure 3 of a preceding 
paper e n t i t l e d " S e l e c t i o n of T e s t Equip
ment. " 

The flow value i s obtained during the . 
t e s t for s t a b i l i t y . When the load i s be
ing a p p l i e d to the specimen, the body of 
t h e f l o w meter s h o u l d be h e l d f i r m l y 
against the top of the upper t e s t head so 
that the guide rod pushes the flow meter 
gage upwards as the sample deforms. When 
the maximum s t a b i l i t y reading i s obtained 
on t h e l o a d m e a s u r i n g d i a l , t h e f l o w 
meter i s i n s t a n t l y removed from i t s p o s i 
t i o n on the guide rod. Hie d i f f e r e n c e 
between the i n i t i a l and f i n a l r e a d i n g s 
expressed i n hundredths of an inch i s r e 
corded as the flow value. 

The s t a b i l i t y t e s t may be performed 
i n a u n i v e r s a l t e s t i n g machine with s t r e s s -
s t r a i n recorder as shown on Figure 9. The 
s t a b i l i t y i s recorded as the maximum v a l 
ue on the load-deformation c u r v e . The 
flow value read from the curve i s s e l e c t -

Figure 8. Marshall S t a b i l i t y ^ p a r a t u s 
for F i e l d or Laboratory Use 

ed at the point beyond the peak where the 
load f i r s t b e g i n s to d e c r e a s e . I t has 
been e s t a b l i s h e d t h a t t h i s flow v a l u e 
agrees c l o s e l y with the flowmeter reading, 
as there i s a s l i g h t time l a g i n removing 
the flow meter from the breaking head i n 
the hand method of performing the t e s t . 

INTERPRETATION OF T E S T RESULTS 

Test properties curves - Data obtained as 
o u t l i n e d above f u r n i s h the b a s i s for de
termining, e i t h e r d i r e c t l y or by compu
t a t i o n , the fol l o w i n g p r o p e r t i e s o f each 
t e s t specimen: 

a. Flow 
b. S t a b i l i t y 
c. U n i t weight, t o t a l mix 
d. l i i i t weight, aggregate only 
e. Percent voids, aggregate only 
f. Percent voids, t o t a l mix 
g. Percent voids f i l l e d w ith a s p h a l t 

cement 
Data a v e r a g e s from the e i g h t specimens 
a t each asphalt content are then prepared 
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Figure 9. U n i v e r s a l T e s t i n g Machine 
Used for Marshall T e s t 

f o r each of the above t e s t p r o p e r t i e s . 
I n d i v i d u a l t e s t values which are a t con
s i d e r a b l e v a r i a n c e w i t h the average may 
be discarded. Hie average t e s t p r o p e r t i e s 
o u t l i n e d above are then p l o t t e d versus as
p h a l t content on s e p a r a t e diagrams and 
smooth curves are drawn through the p l o t 
t e d p o i n t s . F o r the d e t e r m i n a t i o n o f 
optimum asphalt, the u n i t weight, aggregate 
only, and percent voids, aggregate only, 
are not used as c r i t e r i a . These data are 
frequently computed for g' n e r a l information 
only. The other f i v e t e s t p r o p e r t i e s are 
used i n the determination of optimum a s 
p h a l t , and t y p i c a l d a t a p l o t s o f t h e s e 
f i v e p r o p e r t i e s are shown on F i g u r e 10. 
I n order to e l i m i n a t e e r r a t i c t e s t values, 
i t has been found convenient to p l o t the 
t e s t p o i n t s for the u n i t weight of the 
t o t a l mix and t o draw the b e s t smooth 
curve through these points. The remaining 
d e n s i t y and v o i d r e l a t i o n s h i p s a r e then 
computed from values read from t h i s curve. 

I n t h i s manner, smooth curves are obtained 
for the computed t e s t p r o p e r t i e s and a l l 
v o i d and w e i g h t r e l a t i o n s h i p s a r e i n 
mutual agreement. 
Selection of optimum asphalt content - The 
t e s t procedure and computations described 
p r e v i o u s l y have been d i r e c t e d toward f u r 
n i s h i n g information on a given bituminous 
mixture such that the proper asphalt con
t e n t may be s e l e c t e d f o r s a t i s f a c t o r y 
pavement d e s i g n . The a s p h a l t c o n t e n t 
d e s i r e d , termed the "optimum a s p h a l t , " i s 
determined by a s s i g n i n g c r i t e r i a to c e r 
t a i n of the t e s t p r o p e r t i e s , s e l e c t i n g the 
a s p h a l t content t h a t s a t i s f i e s each i n 
d i v i d u a l case, and averaging the a s p h a l t 
contents obtained. The average value i s 
the optimum asphalt content. The c r i t e r i a 
f o r s a t i s f a c t o r y pavements have been 
e s t a b l i s h e d by t h e i n v e s t i g a t i o n s 
d e s c r i b e d i n the preceding papers and are 
found on page 87. 

The c r i t e r i a shown above for a s p h a l t i c ' 
c o n c r e t e a r e c o n s i d e r e d to be e n t i r e l y 
v a l i d w h i l e c r i t e r i a shown fo r sand a s 
p h a l t are considered to be t e n t a t i v e and' 
s u b j e c t to p o s s i b l e r e v i s i o n . T h i s i s 
due t o t h e q u a n t i t y and t y p e o f d a t a 
o b t a i n e d to date on t h e s e two t y p e s o f 
a s p h a l t i c m i x t u r e s . The t e s t s e c t i o n , 
d e s c r i b e d i n a previous paper, and other 
f i e l d data, have given an adequate back
ground f o r t h e s e l e c t i o n o f a s p h a l t i c 
concrete design c r i t e r i a while data on the 
sand asphalt pavements have been l i m i t e d . 

An example of the s e l e c t i o n of optimum 
a s p h a l t c o n t e n t i s shown f o r the t e s t 
r e s u l t s p l o t t e d on F i g u r e 10. Using the 
c r i t e r i a for a s p h a l t i c concrete presented 
i n the preceding paragraph the f o l l o w i n g 
a s p h a l t c o n t e n t s have been s e l e c t e d f o r 
the various t e s t p r o p e r t i e s : 

T e s t P r o p e r t y S e l e c t e d A s p h a l t C o n t e n t . 
P e r c e n t 

S t a b i l i t y 
U n i t Weight 

T o t a l Mix 
V o i d s T o t a l Mix 
V o i d s F i l l e d With 

A s p h a l t 

5.3 

5.5 
5.8. 

6.3 

A v e r a g e 5.7 
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Design C r i t e r i a 

Test Property Limits 

Flow 
S t a b i l i t y 
Unit Weight, Total Mix 
Percent Voids, Total Mix 
Percent Voids F i l l e d with Asphalt 

Asphaltic Concrete 
Less than 20 
More than 500 

3 to 5 
75 to 85 

Flow 
S t a b i l i t y 
Unit Weight, Total Mix 
Percent Voids, Total Mix 
Percent Voids F i l l e d with Asphalt 

The ind i v i d u a l t e s t properties at the 
average asphalt content of 5.7 percent 
are then reexamined to determine how close
ly they agree with the c r i t e r i a . At this 
asphalt content the flow value i s 14, 
s t a b i l i t y i s 700 lb., voids total mix i s 
4.1 percent, and voids f i l l e d with as
phalt 76 percent. A l l values are in rea
sonable agreement with the c r i t e r i a . T^ie 
variables that are present during construc
tion are recognized. The value of 5.7 
percent does not imply absolute accuracy 
but may vary within a range of values for 
the c r i t e r i a . For example, inspection of 
the test properties curves on Figure 10 
shows that at asphalt contents between 
5.5 and 6 percent the individual values 
are i n substantial agreement with the 
c r i t e r i a , and any value between these 
limits may be acceptable for construction. 
However, the asphalt content selected on 
the basis of te s t properties should be 
used for design purposes. 

In some cases the selection of an opti
mum asphalt content from the test proper
t i e s curves i s more d i f f i c u l t than was 
shown in the example cited, (certain mixes, 
for instance, may approach but not reach 
4 percent voids total mix or 80 percent 
voids f i l l e d with asphalt. I f the grada
tion of the mix and the other test proper
t i e s are otherwise acceptable, a tolerance 
of 1 percent in the voids total mix and 
5 percent in the voids f i l l e d with asphalt 

Sand Asphalt 
Less than 20 
More than 500 

5 to 7 
65 to 75 

Value To Be Used For 
Selection of Optimum 

Asphalt Content 

Maximum 
Maximum 

4 
80 

Maximum 
Maximum 

6 
70 

may be allowed. The optimum asphalt con
tent as determined from s t a b i l i t y and 
un i t weight c r i t e r i a i s examined with 
respect to the voids total mix and voids 
f i l l e d with asphalt; i f these values at 
optimum asphalt are within the tolerances 
allowed the mix i s considered satisfactory. 
I f the values are not within the toler
ances, consideration should be given to 
adjusting the optimum asphalt to come 
within the voids tolerances, provided 
t h i s asphalt content i s reasonable with 
respect to maximum s t a b i l i t y and unit 
weight and the flow does not exceed 20. 
I f the selected optimum asphalt content 
does not provide test properties that are 
in reasonable agreement with the c r i t e r i a , 
a redesign of the blend i s indicated. 

LABORATORY TESTS FOR FIELD CCTITOOL 
OF ASPHALT PAVING MIXTURES 

The foregoing paragraphs have described 
the method by which the proper asphalt 
content for the design of a bituminous 
pavement i s obtained in the laboratory. 
F u l l y as important as the i n i t i a l design 
procedure i s the control of plant opera
tions and the placement of the mixture in 
the f i e l d to insure that the pavement; as 
constructed, s a t i s f i e s the design require
ments. Hie following paragraphs outline 
a suggested procedure for the control of 
bituminous mixtures at the plant and in 
the f i e l d . I t i s recommended that ade-
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quate laboratory f a c i l i t i e s be provided 
at the plant in order that proper control 
may be exercised. Tlie test procedure i s 
not intended to supplant the routine gra
dation and extraction tests that are nor
mally run in connection with plant con
t r o l . 
Control of plant mixtures - I t i s probable 
that i n i t i a l laboratory tests to determine 
the proper proportions of materials and 
the optimum asphalt content w i l l be con
ducted on aggregate obtained from stock
pi l e s or from proposed source locations. 
Such materials, when they are processed 
through the plant, often are subject to 
changes m gradation primarily due to de
gradation of aggregate, d i f f i c u l t i e s in 
securing representative aggregate samples, 
nonuniformities in the supply of material 
or l o s s of f i n e s i n the d r i e r s . Such 
changes may require a different propor
tioning of the aggregate in the plant to 
meet specification requirements, and pos
sibly a modification of the asphalt con
tent may be required to meet the pavement 
design c r i t e r i a . The f i r s t step in plant 
control, therefore, i s to obtain repre
sentative samples of the processed aggre
gate (preferably samples from the bins 
a f t e r the aggregate has been processed 
through the plant) and to adjust the pro
portions of material as may be desired. 
Ihe test procedure for selection of opti
mum asphalt content should then be re
peated to determine what changes, i f any, 
are necessary in the optimum asphalt con
tent. The separation of aggregate into 
numerous fractions for laboratory blend
ing i s too tedious and possibly unneces
s a r i l y accurate for plant control. For 
thi s purpose i t i s satisfactory to separ
ate the coarse and fine aggregates on the 
No. 10 sieve and further separate the 
coarse aggregate on the H-in. sieve. The 
normal screen sizes used on the plant may 
also prove satisfactory for separation of 
aggregates. This method w i l l give more 
variations i n blend proportions due to 
variations in gradation of the material, 
but i t i s believed s u f f i c i e n t l y accurate 
for plant control purposes. 

After the plant i s in operation, fre
quent checks should be made to insure 

that the bituminous mixture as produced 
meets the design requirements. Represen
tative specimens of the plant-mixed mater
i a l s u f f i c i e n t l y large to make 8 t e s t 
specimens (about 50 l b . ) should be 
obtained and specimens compacted as pre
viously outlined. Samples should be com
pacted before the mixture has cooled be
low 225 F., and the mix should not be re
heated. The completed specimens are then 
tested and test properties are determined. 
The number of representative samples pre
pared and tested in this manner wi l l vary 
with the size of the job. I t i s suggested 
that continuous tests be made in the f i r s t 
few days of operation in order to deter
mine the variation in test results due to 
the normal variations in the stockpiled 
aggregate and in plant operations. Routine 
checks may be made at less frequent inter
vals when plant operations are stabilized. 

A comparison of t e s t r e s u l t s on the 
plant mixed materials with those obtain
ed i n the design t e s t s w i l l i n d i c a t e 
whether any significant changes in aggre
gate gradation or asphalt content have 
taken place which w i l l affect the pave
ment design. An increase in the flow val
ue to above 20, a decrease in s t a b i l i t y 
of 50 to 100 lb., v a r i a t i o n s i n voids 
total mix greater than 1 percent and voids 
f i l l e d with asphalt greater than5 percent 
indicate the need for revisions in the 
proportions of aggregate, the asphalt con
tent, or both. The values cited are toler
ances which are considered reasonable; 
s p e c i f i c tolerances may be established 
for a given job. Since speed i s essen
t i a l in the proper control of plant mix
tures, considerable time may be saved by 
computing only the flow, s t a b i l i t y , and 
unit weight total mix of the test speci
mens. For a given mixture, variations in 
the unit weight total mix ref l e c t varia
tions in the voids relationships. For 
instance, a variation of 1.5 to 2 lb. per 
cu. f t . in the unit weight total mix i s 
accompanied by about the 1 percent change 
i n voids t o t a l mix and the 5 percent 
change i n voids f i l l e d with asphalt men
tioned above. The allowable tolerance in 
unit weight for a given voids tolerance 
may be computed and used for rapid control 
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of the plant mixture. 
Control of field construction - F i e l d con
t r o l of placement of bituminous pavements 
i s based on a t t a i n i n g a d e s i r e d d e n s i t y 
i n r o l l i n g o p e r a t i o n s . R e s u l t s of pre
v i o u s s t u d i e s , d i s c u s s e d i n a p r e c e d i n g , 
paper, i n d i c a t e t h a t a l a b o r a t o r y com
p a c t i v e e f f o r t of 15 blows on each s i d e 
of the t e s t specimen w i l l produce d e n s i t 
i e s a p p r o x i m a t e l y e q u i v a l e n t to t h o s e 
obtained with c a r e f u l l y c o n t r o l l e d r o l l i n g 
i n the f i e l d . I t i s f u r t h e r shown t h a t 
the d e n s i t y obtained by 15-blow compaction 
ap p r o x i m a t e l y e q u a l s 98 p e r c e n t of the 
density obtained with 50-blow compaction. 
Therefore, a f a c t o r amounting to 98 per
cent of the d e n s i t y determined from t e s t 
specimens compacted by the 50-blow pro
cedure p r e v i o u s l y d e s c r i b e d s h o u l d be 
computed. 

OBTAINING AND T E S T I N G PAVEMENT SAMPLES 
Pavement density control - To control the 
d e s i r e d d e n s i t y t o be o b t a i n e d i n the 
f i e l d , t e s t specimens are cored or other
wise cut from the pavements d u r i n g con
s t r u c t i o n . H i e d e s i r e d c o n s t r u c t i o n den
s i t y being known, d e n s i t y measurements on 
these specimens i n d i c a t e whether a d d i t i o n 
a l r o l l i n g i s r e q u i r e d . S p e c i f i e d con
s t r u c t i o n d e n s i t i e s may be e a s i l y obtained 
or even exceeded i n some mixtures, where
as i n others c a r e f u l control i n the r o l l i n g 
procedures must be e x e r c i s e d . 
Field coring of pavements - Coring f i e l d 
t e s t specimens may be accomplished w i t h 
truck-mounted rotary core d r i l l i n g equip
ment, such as t h a t shown on F i g u r e 11, 
provided with a means of supplying water 
to the area being cored to f l u s h out the 
c u t t i n g s . A s t e e l c o r e b a r r e l t i p p e d 
w i t h carboloy c h i p s ( F i g u r e 12) has been 
found to be v e r y s a t i s f a c t o r y f o r most 
co r i n g operations i n a s p h a l t i c pavements. 
D u r i n g hot w e a t h e r i t has been found 
n e c e s s a r y to c h i l l the pavement with i c e 
p r i o r to c o r i n g . F i e l d c o r e s should be 
4 i n . ± 1/16 i n . diameter. Where d e n s i t y 
measurements only a r e d e s i r e d or where 
core c u t t i n g f a c i l i t i e s are a v a i l a b l e i n 
the laboratory but not i n the f i e l d , square 
or rectangular segments of pavement may he 
cut by a mattock, or other means. 

Figure 11. Core D r i l l R i g 

Figure 12. D e t a i l of Asphalt D r i l l B i t 

Preparation of cores for testing - F i e l d 
cores should be s p l i t a t the i n t e r f a c e be
tween c o n s t r u c t i o n l a y e r s p r i o r to t e s t 
ing. To accomplish t h i s s p l i t t i n g a heat
ed k n i f e i s drawn around the c i r c u m f e r -
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TABLE 2 

STABILITY OORREUTIWI RATIO 

Approximate 
Volume Thickness 

of Specimen in of Specimen C o r r e l a t i o n 
Cubic Centimeters i n Inches R a t i o 

200 - 213 1 5.56 
214 - 225 1-1/16 5.00 
226 - 237 1-1/8 4.55 
238 - 250 1-3/16 4.17 
251 - 264 1-1/4 3.85 
265 • 276 1-5/16 3.57 
277 - 289 1-3/8 3.33 
290 - 301 1-7/16 3.03 
302 - 316 1-1/2 2.78 
317 - 328 1-9/16 2. 50 
329 - 340 1-5/8 2.27 
341 - 353 1-11/16 2.08 
354 - 367 1-3/4 1.92 
368 • 379 1-13/16 1.79 
380 - 392 1-7/8 1.67 
393 - 405 1-15/16 1.56 
406 • 420 2 1.47 
421 • 431 2-1/16 1.39 
432 - 443 2-1/8 1.32 
444 • 456 2-3/16 1.25 
457 - 470 2-1/4 1.19 
471 - 482 2-5/16 1. 14 
483 • 495 2-3/8 1.09 
496 - 508 2-7/16 1.04 
509 - 522 2-1/2 1.00 
523 - 535 2-9/16 0.96 
536 - 546 2-5/8 0.93 . 
547 - 559 2-11/16 0.89 
560 - 573 2-3/4 0.86 
574 - 585 2-13/16 0.83 
586 - 598 2-7/8 0.81 
599 - 610 2-15/16 0.78 
611 - 625 3 0.76 

NOTES: 1. The measured s t a b i l i t y of a'specimen mul t i 
p l i e d by the r a t i o for the thickness of the 
specimen equals the corrected s t a b i l i t y for 
a 2-H-inch specimen. 

2. Volume-thickness r e l a t i o n s h i p i s based on a 
specimen diameter of 4 inches. 

ance of the core at the interface of the ice bath and allowed to c h i l l thoroughly, 
layers making a groove approximately 1/16 after which i t i s removed from the bath 
in. deep. The core i s then placed in an and placed on i t s side on a le v e l sur-
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face. A heavy butcher knife or a machete 
i s placed in the groove previously made 
and the back of the blade h i t sharply 
with a hammer. I t may be necessary to 
rotate the core and strike i t at several 
points in the groove in order to break i t 
apart. 
Testing field cores • The cores are weigh
ed, heated in the water bath, and tested 
i n the Marshall apparatus as previously 
described. Since f i e l d cores are general
l y of some t h i c k n e s s other than the 
standard 24-in. thickness to which labora
tory compacted specimens are prepared, a 
correction must be applied to the s t a b i l 
i t y value in order that a l l test results 
may be compared on a standard basis. In
vestigations made by the Waterways Experi
ment Station indicate there i s a d i r e c t 
relationship between thickness and s t a b i l 
i t y of specimens. Table 2 shows s t a b i l i t y 
correction factors for specimens ranging 
in thickness from 1 to 3 i n . Also pre
sented are approximate volumes of 4-in. 
diameter specimens for the various thick
nesses, as I t i s sometimes more conven
i e n t to use the volume determined by 
weighing the core in a i r and under water 
rather than to make an actual measurement of 
thickness. A correction factor for flow 
i s not necessary. 

COMPLETED CONSraUCTIOTI DATA 
Upon completion of pavement structures, 

representative cored specimens of the 
pavement should be obtained and t h e i r 
test properties determined. Goring and 
testing periodically are also desirable 
to check the validity of the tentatively 
adopted c r i t e r i a . I t should be remember
ed that the c r i t e r i a previously establish

ed were for a i r f i e l d pavements supporting 
very heavy wheel loads. Tlie frequency 
and nature of the t r a f f i c and the magni
tude of the superimposed wheel loads on 
highways are different than for a i r f i e l d 
pavements, and i t may be that some mod
if i c a t i o n s of these c r i t e r i a for highway 
use are warranted. The maintenance of 
data and observation f i l e s on pavement 
behavior under highway t r a f f i c i s the 
only sound basis on which to make such 
modifications. The pavement behavior 
study should include a l l locally potential 
sources of material to assure the esta
blishment of satisfactory design c r i t e r i a . 

EVALUATION OF EXISTING PAVEMENTS 
Coring and testing procedures previous-

ly outlined are also applicable to exist
ing pavements. Much additional data of 
considerable value may be obtained for 
the verification of modification of pro
posed c t i t e r i a by systematically evaluating 
the existing pavements. Locations i n an 
e x i s t i n g road system may be chosen in 
which pavements are d e f i n i t e l y f a i l i n g , 
in which pavements are giving only slight 
indications of unsatisfactoriness, and in 
which pavements are def i n i t e l y adequate. 
When such data are used to verify or mod
i f y the tentative c r i t e r i a , the adequacy 
of the base and subgrade should definitely 
be established. Pavement c r i t e r i a data 
should be used only where satisfactoriness 
or unsatisfactoriness i s due to the pro
perties of the pavement i t s e l f . Defic
iencies of the base may, in some cases, 
be compensated for by the additional 
pavement thickness. This compensation, 
however, i s discussed in another paper in 
this Symposium. 




