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Estimation of the Maximum Density for Asphaltic Concrete

Bong Hak Lee* Kwang Woo Kim *¥

Abstract
The maximum specific gravity of asphaltic concrete can be calculated based on the
effective specific gravity of aggregates and the specific gravity of asphalt cement, The
maximum specific gravity is sometimes obtained based on the apparent specific gravity of
aggregates and specific gravity of asphalt concrete, However, the apparent specific gravity
is in general greater than the effective specific gravity for most aggregates, This study
showed, by comparing the results obtained based on two specific gravities, that application

of the apparent specific gravity instead of the effective specific gravity resulted in di-
screpancies in the calculated values of effective asphalt content, air void and maximum
density,

1. Introduction asphalt cement (Gy) and the appar-

ent specific gravity of the aggregates

In determining the maximum density
of
asphaltic concrete, the maximum the-
used

or maximum specific gravity ( G m)
oretical density is sometimes
or,as is the case of several state’s
department of transportation(DOT) in
the U.S., maximum density

ated based on the specific gravity of

is calcul-
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(G,) (2). Generally accepted methods
of the determining maximum speci-
fic gravity of asphalt mixture are
described in ASTM D2041 and AASHTO
T209. According to the MS~-2, a
hand book of the Asphalt Institute,
specific

calculation of maximum

gravity of asphaltic concrete should
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be based on the effective specific gr-
avity of aggregates (G) and the specific
gravity of asphalt (Gy) (4).

In general, aggregates have some vo-
lume of permeable (to water) and imp-
When
used in the asphalt

ermeable voids. aggregates are

mixture , some
portions of the permeable voids are
filled in with the asphalt cement and
the rest of the permeable voids are
remained without being filled in, That
absorption

is, the volume of asphalt

in the permeable voids is usually sm-

aller than total permeable volume of

water absorption. Consequently the
effective volume, as shown in Figure
1, lies between bulk and apparent volumes
(3). Therefore, the

gravity of aggregates is larger than

apparent specific

effective specific gravity.

According to this reasoning, the value
of maximum specific gravity obtained by
state DOT method will be
the value calculated based on the ef -

paper

larger than

fective specific gravity. This
will examine the differences in magn-
itudes of air voids and effective asphalt
content when different bases of specific

gravity are used.

2. Characterization of aggregate
voids

As mentioned in introduction, aggregates
permeable and impermeable voids, and
some portions of the permeable voids
are filled in with asphalt cement.
Because of the permeable voids in ag-
gregate, three types of aggregate volumes

are defined. These three types of volumes

will be the bases for calculation of

three types of specific gravities,
bulk, effective, and apparent specific
gravities, respectively.

The difference between apparent
volume and effective volume is ba-
sed on the magnitude of asphalt
absorbed in permeable voids. The
difference between apparent and eff-
ective specific gravity caused by
the absorbed asphalt volume lead to
a difference in the maximum specific
gravities calculated. This difference
consequently affects the value of
air void in asphalt mixture.

To show the volume concept in
the asphalt mixture, the following
table and figure illustrate the vo-
lumes of aggregates used in dete-

rmining specific gravity.

3. Comparison of Differences

Bulk and apparent specific gravities
of aggregates are determined by use
of standard test methods — ASTM
C128(1). The effective specific gravity
of aggregates in asphaltic concrete
may be calculated by the maximum
specific gravity of asphaltic mixture
which 'is determined by using ASTM
D2041.
it is possible to acquire the ma-

Reversing this calculation,
ximum specific gravity of mixture
on the basis of the effective sp-
ecific gravity (4).

In applying this calalation,South
Carolina Department of Highways and
Public Transportations (SCDHPT)

uses an apparent specific gravity in



Table 1. Identification of Volumes by Voids in Asphaltic Concrete

Volume Voids in Mixture
Bulk V aggregate + V voids + voids + impermeable
Volume solids permeable permeable voids
to water to asphalt
Effective V aggregate + V voids + impermeable
Volume solids permeable voids
to water
Apparent V aggregate + V impermeable +
Volume solids voids
AR VvoOID
ABSORBED ASPHALT
WATER PERMEABLE
AGGREGATE POROSITY NOT FIiLLED
WITH ABSORBED ASPHALT
AGGREGATE
VOLUME
Bl (BULK $.6.)
h'f,f-.‘ ) AGGREGATE
L s VOLUME
(EFFECTIVE §.6.)
errecTive —' 40
ASPHALT BINOER AGGREGATE
i VOLUME
(APP. S.G.)
VOLUME =
QF WATER
PERMEABLE
POROSITY

Figure 1. Description of Asphalt Paving Mixture & Volume Difference
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place of an effective specific gravity(2).
It may be allowable to use apparent
in place of effective
the agg-

absorption

specific gravity
specific gravity as long as
regates have negligibly small
rate of asphalt. As a matter of record,

however, many types of South Carolina

aggregates are permeable to some ex-
tent(5). Therefore, the effective and
apparent specific gravities will be
different.

Application of an apparent specific
gravity in place of an effective sp-
ecific gravity in calculation of asphalt
absorption by aggregates gives a di-
fferent result. This difference results
in a serious discrepancies in values
of the effective asphalt content(Py)
and the air void(P,) Here, the
mation of effective asphalt content@

by volume of the total mixture plus

sum-

air void# is defined as Void in

Mineral Aggregates (VMA)D.

The value of effective asphalt co-
ntent based on the apparent specific
than the
specific gravity.

gravity is smaller values
based on effective
On the other hand, the air void based
on the apparent specific gravity will
than that based on the
effective specific gravity. The eff-

ective asphalt contents decreases and

be larger

air void increases as the increases
as the specific gravity is
The VMA, however, stays in the same

increasing air void

increased.

level since the

value compensates the value of decr-
eased effective asphalt content. The
volumes in a compacted asphalt spe-

cimen show as a block diagram in

Figure 2.

AlR

ASPHALT

UAEHIEEHEATY
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Volume of voids in mineral aggregate

Volume of mineral aggregate (by bulk specific gravity)

VYma ==

Ymb = Bulk volume of compacted mix
Ymm = VYoidless volume of paving mix
Ya = Yolume of air voids

Vb = Volume of asphalt

Vba == Volume of absorbed asphalt
Vsh =

Vse == VYolume of mineral aggregate

(by effective specific gravity}

Figure 2. Representation of Volumes in a Compacted Aspaltic Specimen



The following table shows typical specific gravity is used in calculation
differences in results when apparent of the maximum specific gravity.

Table 2. Comparison of the Results by the Calculations Based on Different Gpm Values

Maximum S.G (Gum) 2. 438 by ASTM D204l 2. 478 based on
apparent S.G.
Effective S.G. 2. 645 using apparent
S .G. (Gga)=2.695
Asphalt absorption(Py,) 0.928 % 1. 658 %
Effective asphalt content(Py,,)
by weight of mixture 4, 628 % 3.993 %
by volume of mixture 10. 180 % 8. 660 %
Air void(P,) . 6.11 % 7.63 %
VMA=Ppe +P, 16.29 % 16.29 %
Bulk density of mixture 142. 83 Ib/ cu ft 142.83 Ib / cu ft
Max. density of mixture 152.13 Ib/ cu ft 154. 63 Ib ./ cu ft

Given data ; Aspha.lt content (P,)=05.5 %, Asphalt S.G. (Gy)=1. 04
Aggregate apparent S.G. (G;,)=2. 695, Mixture bulk S.G. (G,;)= 2. 289
Aggregate bulk S.G. (G.b)= 2. 584

As shown in Table 2, only a small

difference (1.64 %) in maximum specific 4. Conclusion and

gravity ( Gy,) of asphalt mixture causes Recommendation

a significant difference (24.79%) in

estimated air void values. Therefore, In general,highly permeable aggr-
use of apparent specific gravity instead egates have larger differences between
of effective specific gravity in ca- apparent and effective specific gravities
lculating maximum specific gravity due to the larger differences in its
of asphalt should be reconsidered bulk and apparent volumes(3). In pr-
seriously. While VMA stays in the actice, the effective specific gravity
same value (Pp,+P,=10. 18 + 6. 11 =8.66 cannot be obtained until the maximum
+7.63=16.29), the values of each eff- specific gravity of the  asphaltic
ective asphalt content (Py,) and air concrete mixture is obtained by labor-
void (P,) are different. This discr- atory testing. In effective specific
epancy results in a difference in gravity, asphalt absorption by aggregate
maximum density of mixture even though is estimated. The calculation of
bulk densities of each calculation is asphalt absorption by aggregate and
the same. » the effective asphalt content are de-
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pendent upon the effective specific

gravity. Therefore, how the maximum
specific gravity of asphaltic concrete
mixture is obtained is important in
determinations of effective specific
gravity, percent air voids and VMA.

Percent air void in paving mixtue
is one of the major factor affecting
the performance (life time) of paving
structure. Therefore, correct estimate
of air void value will be more im-
portant than any thing else in paving

mixture design. Therefore, use of
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