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OBJECTIVES

~ This research work was undertaken to achieve the follow ng
obj ectives:

L Eval uate the various nethods currently available to determ ne
t he anount of asphalt absorbed by the mneral aggregates, and
recommend the nost realistic and suitable method based on the
test data obtained.

2. Study the tine-dependent phenonmenon of asphalt absorption
especially in view of the storage of HVA in silos and/or
transportation over |long distances to the paving site, and
devel op asphalt absorption predictive techniques.

REVI EW OF LI TERATURE

Many investigators in the past have attenpted to evaluate
asphalt ~absorption of aggregates through «correlations wth
absorption using other liquids of which kerosene has been the nost
commonly used. Hveem (4) devised the centrifuge kerosene
equi val ent test (cke) in 1942. The ckE is defined as the quantity
of kerosene absorbed by 100-g of aggregate under specified
conditions of soaking and centrifuging. |t has been shown to be a
function of the surface area and absorptive capacity of the
aggregate and has been used as a part of the design of bitum nous
m xtures by Hveem net hod. Lohn (5) al so used a simlar approach
and correlated asphalt absorption of an aggregate wi th kerosene
absorption. He studied the effects of factors such as saturation
time, centrifuge force and centrifuge tinme as well and finally
adopted 10-m nutes of saturation and 8-m nutes of centrifuging at
a force of 400 times gravity. Donaldson et al (g) further proposed
sone nodifications to the Hveem cke nethod by increasing the
soaking tine to 30-minutes and by testing a non-absorptive
aggregate of the sanme gradation for the purpose of conparison
Since kerosene has wetting properties simlar to that of asphalt,
it has been believed to give a better representation as an
absorption agent as conpared to water (6, Z) . A nodified CKE
procedure was devel oped by Cechetini (8), which can determ ne the
surface areas and eval uate absorptive behavior of crushed aggregate
m xes. Together with this information and the data characterizing
the asphalt to be used, the amount of asphalt needed by an
aggregate can be determined from a nonograph. Sone ot her
investigators (9, 10) have tried to use oils to evaluate the
absorptive capacity of coarse aggregates. However, because of the
differences in wetting properties and viscosities of these Iiquids
and asphalts, only approximte estimtions could be nmade of the
asphalt absorption of the aggregates.
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In 1936, a procedure was described by Reagel (n) for
determ nation of relative absorption of water and |iquid bitum nous
material by the coarse aggregate using a water displacenent method.
It was recomended that absorption of I|iquid bitumnous material be
estimated at 75 percent of the water absorption

In 1942, GCoshorn and WIIlians (12) devel oped the immersion
met hod which is described later. Since the aggregate is in contact
with an unlimted supply of asphalt at relatively |ow viscosity for
an extended period of time in this method, the absorption is nuch
hi gher than would be expected in actual HVA m xtures
However, the values can be taken as the absorptive potential of the
aggregates used for HWVA mixtures. Accuracy of this nethod is
[Tmted by the honbgeneity of the aggregate and accuracy of the
bul k specific gravity.

Ri ce (14, 15) proposed a vacuum procedure to determ ne the
maxi mum specific gravity of the voidless HVA m xture. In this
met hod, the absorption of asphalt by aggregates is calculated from
the maxi mum specific gravity of the mxture, the asphalt content,
and the bul k specific gravity of the aggregate used in the HVA
m xture. This nmethod is now standardi zed as ASTM D2041. |f
aggregates are not thorou?hly coated, erroneous results my be
obt ai ned because of possible absorption of water by the aggregate
during vacuum saturation. The ASTM test nethod D2041, however,
allows the use of a suppl enental (d[y back) procedure to correct
for the water absorption problem he nmethod can be applied to
actual mxes and is not too time consuming. The accuracy of this
method is al so dependent upon the accuracy of bulk specific gravity
of the aggregates used in the HVA m xture.

A different approach was used by Larsen (16) who conducted a
hi?h pressure test instead of vacuum saturation to determne the
effective specific gravity of the aggregate. Asphalt absorption
was cal cul ated as percent of the volune of aggregate and ranged
from 26 to 88 percent of the water absorption

The U.S. Army Corps of Engineers (I-7, 18) developed and has
used the bul k inpregnated specific gravity in the design and
control of bitumnous mxtures. It is a function of the ratio of
asphalt to water absorption, which varies widely but follows a
definite pattern with different types of aggregates. The asphalt
absorption can be found know ng the bul k inpregnated specific
gravity of the mxture, the bulk specific gravity of the aggregate
and the specific gravity of the asphalt used in the HVA m xture.
McLeod (19) has recomended the use of this nethod to determne the
maxi mum or upper limt of asphalt absorption for an aggregate. Lee
(13) has ,» however . conpared the data obtained thus wth other
met hods and concl uded that these absorption values were by no neans
t he absol ute maxi num absorption values for a particular aggregate,
but can be considered as the “realistic” nmaxinum absorption val ues
aggregates will have in HVA mixtures. One serious |imtation of
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this method is the renoval of air bubbles entrapped in asphalt when
both coarse and fine aggregates are added to the asphalt cenent.

Absorption of asphalt by aggregates has al so been determ ned
by calorinetric analysis with photoneter (13). The basic principle
Is that the anount of |ight absorbed by a given solution is
proportional to the intensity of the incident light and to the
concentration of the absorbing species in the path of the |ight
beam However, only solutions of |ight concentration can be used
and the mechani sm of absorption of asphalt in solutionis likely to
be different fromthat in an HVA m xture.

Cross-sectional neasurenents have also been enployed to
eval uate asphalt absorption (13). Conpacted specinen of the HVA
m xture is cut in halves b¥ a di anond saw to expose the inner
surface of the aggregates. he sample is then placed in an opaque
projector and fromits inage projected on a screen, tracings are
made of the external contours of the rock particles and |ines of
deepest asphalt penetration. The total area of a particle and area
penetrated by the asphalt are neasured by a planineter, and the
percentage of asphalt absorption is calcul ated. Limtations of
this method are selective absorption of asphalt and different sizes
of aggregate in a mxture.

~ Mre recently the Methylene Blue test has been used in Europe
to indirectly measure the absorption/adsorption, surface area,

cationic exchange capacity, soundness, and overal | clay
characteristics of aggregates. This test, first developed in
France (20) , uses Methylene Blue to quantify  the
absorption/adsorption of an aggregate. The nethod has serious

limtations: (a) a powdered aggregate is used, and (b) no asphalt
cement is used.

Franco and Lee (21) have recently evaluated the viability of
using an air neter for determning the maximum specific gravity of
HVA mi xtures. The air neter normally has been used for determ ning
the percent of air entrained in Portland cenent concrete. The so-
call ed pressure nmethod works on the principle of Boyle’'s law. A
wei ghed sanple of HVA mx is introduced into the bow of the air
nmeter (Type B air neter as specified in AASHTO T152) and water is
introduced to fill the neter to the capacity (no attenpt is made to
remove the entrapped air) . The filled air meter is weighed and the
wei ght of water obtained. The air content of the meter is then
determ ned in accordance with AASHTO Ti52. Back calculations are
then perforned and the volune of the HVA m x is determ ned.
Further work is needed to inprove the design of the air neter so
that its consistency and sensitivity is acceptable.



The following is the summary of conclusions based on the

review of literature concerning asphalt absorption as affected by
the nethods of determ nation.

1. No single standard nmethod is currently in use for evaluating
and specifying the absorptive characteristics of aggregates
with respect to asphalt cenent.

2. The indirect estimation of asphalt absorption using water,
kerosene and oil is neither realistic nor reliable.
3. The inmrersion nethod may be used to quantify the potential

maxi num absorptive capacity of a coarse aggregate. However
it cannot be used for the whole HVA m x consisting of coarse
and fine aggregates.

4, The bul k inpregnated specific gravity nmethod can be used to
determne the realistic maxi num absorptive capacity of an
aggregate but it has limtations due to the problem of renoval
of air bubbl es.

5. Ri ce method can be used for the whole HVA m x and is the nost
representative of all nethods since it tests the actual HMA
m X wherein asphalt is present only in thin filns around the
aggregat e.

6. The phenonenon of asphalt absorption is very nuch time-
dependent and needs to be evaluated as such

1. The accurate determ nation of asphalt absorption by nost
met hods is dependent on the accuracy of the determ nation of
bul k specific gravity of the aggregates used in the HMA
m xture.

8. There is an urgent need for adopting a realistic and suitable
standard met hod for determ ning asphalt absorption so that
reproduci ble results are obtained and the HVA m xes can be
desi gned properly.

MATERI ALS

The Materials Reference Library (MRL) for Strategic Hi%hmay
Research Program (SHRP) has 11 different aggregates. hr ee
aggregates were selected for use in the current study, based on the
wat er absorption data for the MRL aggregates, covering a w de range
of water absorption. These aggregates are:

1. RC - MAdam Li nmestone
2. RB - watsonville GGanite



3. RD - Frederick Linestone

These aggregates have high, nediumand | ow water absorption,
respectively. Detailed properties for the aggregates used are
reported in Table 1. It was decided to use coarse aggregates only
of uniformsingle size, namely, passing |/2-in sieve and retained
on 3/8-in sieve. This was necessitated because one of the nethods
(i mrersion method) used in determ ning asphalt absorption can be
used for coarse aggregate only, and, for bulk inpregnated nethod,
results are affected Y the presence of fine a?gregate. Use of a
uni form gradation would give consistent results with different
absorption nmethods. Althou%r fine aggregate, which has a Iar?e
surface area, is believed to have a pronounced influence on asphalt
absorption, its asphalt absorption is not likely to be time-
dependent. All aggre?ates were thoroughly washed and dried before
use in order to exclude the effect of fines and noisture. In
addition to the above, glass beads were also used in order to
eval uate the operator and procedural errors associated with each
method. The gl ass beads used were also of the same size.

- The SHRP Materials Reference Library has several asphalts
avai l abl e of which the followi ng were selected for use in the
current phase of research

1. AAM-1 - \\ést Texas AC 20
2. AAB-2 - Wom ng Sour AC 5

The AC-20 asphalt was sel ected because it is the nost conmmonly used
viscosity grade in the U S. Low viscosity AC-5 was chosen to study
the effect of viscosity of asphalt on the anount of absorption
This is also the | owest viscosity graded asphalt available in the
MRL, and is normally used for paving in Canada and Al aska. Various
prgPerties of the asphalt cenments used in this study are given in
Table 2.

TEST PROCEDURES

Three test methods were prinarity used for determning the
asphalt absorption. However, procedural variations were nade
wthin two test nmethods resulting in the follow ng nine testing
t echni ques:

1-2; | mersion method with imersion times of 1 and 3 hours.

3) Bul k inmpregnated specific gravity method

4-9) ;ﬁce method with mx aging times of O 1, 2, 4, 6, and 8
ours.

The imersion nethod was first used in 1942 by Goshorn and
WIllianms (12) and gives the nmaxi mum or potential absorptive
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capacity of an aggregate. The original procedure involved heating
t he a%gregate to about 300°F and then suspending it by neans of a
Wi re basket in 85-100 penetration asphalt at 2/5°F for 2 hours.

The sanple was then cooled to roomtenperature while i mersed and
again reheated to and maintained at 275°F for 1 hour. The basket
contai ni ng coated aggregate was then renoved and suspended in_an
air bath at 275°F until all excess asphalt had drained off. The
coated aggregate was renoved from the basket, cooled to room
tenperature and weighed in both air and water to determne asphalt
absorption. For this study a uniform tenperature of 290°F was
selected for all phases of this test since it approximtes the
average nixing tenperature used by the HVA industry. Additionally,

the aggregate was inmmersed only once for imersion tines of either
1 or 3 hours to avoid any variations that m ght occur during the
process of reheating. The baskets used were weighed both in air
and under water to avoid renoving the coated aggregate fromthe
basket for weight determ nations. The tinme used for draining
excess asphalt was selected as 10 mnutes to attain uniform
draining for all sanples.

The U.S. Arny Corps of Engineers (17, 18) devel oped and uses
the bul k inpregnated specific %raV|ty in the design and control of
bi tum nous paving mxtures. The corps' procedure involves heating
about 1500 g of aggregate to constant wei ght at 230-290°F and
weighing it. The asphalt is then_safarately heated to 280+5°F and
poured into a gallon pail one-third full. A netal stirrer is
Inserted and asphalt is then allowed to cool to room tenperature
for a mnimm ot 8 hours. The pail with asphalt and stirrer is
then weighed both in air and water. Asphalt pail and aggregate are
then separately heated to 280+5°F until the tenperature is
stabilized. At this stage pail is renoved fromthe oven and
aggregate is slowy added to it while stirring with the stirrer.
Stirring is continued till the elapsed time fromstart of mxing is
2 mnutes. The contents are then cooled to room tenperature and
air bubbles, if any, renoved using a flanme. The pail wth asphalt,
aggregate and stirrer is then welighed both in air and water. The
above five nmeasurenents allow the conputation of the bulk
I npregnated specific gravity and hence the asphalt absorption. For
t he purpose of present study, sone nodifications to the test were
done. The wei ght of aggregate used was 500 g instead of 1500 ¢
because the aggregate had one uniformsingle size and thus was |ess
variable. As a consequence the asphalt quantity was al so reduced
from one-third gallon to one-half quart. Additionally, a uniform
temperature of 290°F was used at all stages of the test where use
of oven was required.

The Rice nethod was originally proposed in 1956 (14, 15) to
determ ne the maxi num specific gravity of a bitum nous m xture by
using volumetric flasks. For this study trial mxes were prepared
and heated in the oven at 290°F up to 8 hours to observe the
avai l abl e effective binder after aging at various asphalt contents.
An asphalt content of 2.5 percent was selected for all three
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a%gregates. Sufficient available effective asphalt binder was
observed visually at this asphalt content even after 8 hours of
aging in the oven. At higher asphalt contents the films were too
thick and difficulties were experienced in handling the m xes.
M xes were prepared using the standard practice for preparing
m xtures for the Marshall m x design nmethod except that they were
not conpact ed. Bot h asphalt cenment and aggregate were heated to
290°F to maintain uniformty of tenperature throughout the whole
testing schene. The m xes were aged in the oven at 290°F in
covered containers for O 1, 2, 4, 6, and 8 hours to study the
effect of tine on the absorﬁtion of asphalt. The theoretica
maxi mum specific gravity of the mxtures was determ ned using ASTM
standard procedure D2041 (Rice method) using a-4000 ml thick-walled
gl ass pycnometer. Kandhal and \W&nger (22) devel oped this |arge
Pennsyl vani a pycnometer to determ ne the asphalt content of HVA
m Xes. It is still used by the Central Asphalt Laboratory of the
Pennsyl vani a Departnment of Transportation to determ ne the Rice
saeci fic gravity. Accurate volunetric measurenents are possible in
this pycnometer because of a special capillary stopper and an
overflow cap.

EXPERI MENT DESI GN

The experinment was divided into two phases. Phase | of the
experinment was a 9x3x2 factorial design with 3 replicates for each
conbination giving a total of 9x3x2x3 = 162 tests. The three
replicates were treated as blocks and tests within each bl ock were
conpletely random zed giving a blocked random zed design

Phase Il involved the use of(?lass beads (absorption = O as
a control material to ascertain and quantify the errors associated
with the test equipnment, test procedure, and operator for each
met hod. Since viscosity of the asphalt cenent and i mmersion or
aging tines wll not affect the results, only one asphalt AaM-1
(AC-20) was used during this phase. CObviously, nmethods 2 and 5-9
were not considered.

TEST DATA AND DI SCUSSI ON

The results of the phase | experinments are presented in Table
3 and Figs. 1-4. The values reported in Table 3 are averages of
three tests which were run at different times. The range of the
results obtained for different methods is also indicated in Table
3. Because of very |low asphalt absorption values obtained with RD
aggregate, plotted data for this aggregate is not included in this
paper. An ANOVA (analysis of variance) of the results obtained is
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shown in Table 4. The ANOVA indicates that all the factors,
nanely, nethods (A), aggregates (B), and asphalts (€) are
significant at a=0.01. In other words, the values of asphalt
absorption obtained greatly de%end on the aggregate and asphalt
properties as well as the nethod used for determ ning asphalt
absorption. Mreover, the interactions: AXxB (aggregates X methods)
and BxC ﬁag%regates x asphalts) are also found significant at a=
0.01. Al t |s_sug%ests that only a standard method of determ ning
asphalt absorption for any particular set of aggregate and asphalt
must be used by all agencies to reasonably Teproduce that mx
desi gn.

Absorption by Inmersion Method

As expected, the results reported in Table 3 and Figs. 1-4
indicate that immersion method yields the highest values of asphalt
absorption for any aggregate-asphalt conbination. Moreover, the 3-
hour | mersion absorption_val ues are_skﬁnificantly hi gher than 1-
hour i mrersion val ues. This again indicates the tine-dependent
nature of the absorption phenonenon. As seen in Figs. 1-4 and also
in Table 3, the lower viscosity asphalt AAB-2 gives higher
absorption values as expected. That neans the higher the viscosity
of asphalt used, the lower is the absorption for a particular
aﬂgregate. Qoviously, the |owest absorption aggregate RD does not
show any sensitivity either to the viscosity of asphalt or to the
imersion time. The asphalt absorption values for |-hour inmersion
are found to be 28 to 48 percent of the water absorption val ues
based on the test data reported in Tables 1 and 3. For 3-hour
Immersion this percentage varies from 27 to 61 percent.

Al though this method yields the highest values of absorption,
it cannot be termed as the nost realistic nmethod of determ ning
asphalt absorption because asphalt is present in bulk quantity
around the aggregate, which is unrealistic for a HVA m xture,
Moreover, it has the limtation of using the coarse aggregate onl
whereas nost commonly used dense graded HVA m xtures contain bot
coarse and fine aggregates.

Absorption by Bulk | npregnated Specific Gavity Method

In general, the asphalt absorption obtained by bulk
i npregnated specific gravity nmethod is expected to be |ower than
t hat obtained using imersion nethod for the sane aggregate-asphalt
combi nati on. This is due to the fact that although asphalt is
still available in bulk around aggregate in the bulk inpregnated
specific gravity nethod, the exposure tine with hot asphalt is
reduced because in this nethod asphalt-aggregate mxture is allowed
to cool immediately after mixing. This is confirned by the data
reported in Table 3 and Figs. 1-4. Low absorption aggregate RD,
again, seenms to have no sensitivity towards the aggregate-asphalt
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contact tine while hot. The asphalt absorption by this nethod as
a percentage of water absorption is found to range from25 to 43
percent based on data in Tables 1 and 3.

The asphalt absorption obtai ned using the bul k i npregnat ed
specific gravity method can be considered to represent the
realistic nmaxi mum value of asphalt absorption. Al't hough this
method can test the whole mx for absorption, one serious
limtation of this nethod is the potential problem of renoving air
bubﬁ”es when both coarse and fine aggregates are inmrersed in hot
asphal t.

Absorption by Rice Method

Mbst Hwa mi xes contain both coarse and fine aggregates, and
asphalt is present in the formof thin films around the aggregate.
This nmethod, therefore, can be applied to actual HVA m xes. The
data on asphalt absorption obtained using Rice method is reported
in Table 3 and plotted in Figs. 1-4. The data for the |east
absorptive aggregate RD was not plotted because of very low
absorption val ues. The data for all aggregates indicates that
asphalt absorption increases with tine. Viscosity of the asphalt
al so has an effect in that the |ower viscosity asphalt invariably
gives higher asphalt absorption

The asphalt absorption values for 8 hours of aging in the oven
at 290°F are generally quite close to the values obtained by the
i nmersion method with |-hour inmersion, as can be seen in Figs.1l-3.
For aggregate rs - asphalt AAB-2 conbination, the 8-hour Rice
absorption is somewhat |ess than the |-hour immersion nethod val ue.
This indicates that |-hour immersion nethod indeed gives
consi derably high absorption values of asphalt absorption. Looking
at Figs. 1-4, the absorption values obtained by bul k inpregnated
specific gravity method, which is the second nost comonly used
nmet hod for asphalt absorption after Rice nethod, appear to
i ntersect the corresponding Rice absorption curves at about 4 hours
(3 to 5 hours range) of aging tine. Moreover, the curve for
asphalt absorption appears to |evel off at about 4 hours aging
tine. Based on these observations fromthis study, determ nation
of asphalt absorption val ues obtained after 4-hour aging of the mx
at 290°F is reconmended for use as a standard general practice when
dealing with absorptive aggregates. This will in turn assure
conputation of realistic and consistent air voids content in the
mx, which is one of the criteria in the Marshall m x design
method. Aging tinme can be increased in exceptional cases if it Is
ﬁennnstrated that absorption continues substantially beyond 4
ours.

To verify the conclusions drawn above, Duncan's nmultiple range
test was run on the average val ues of the absorption obtained by
various methods. Since interaction: AxC (methods x asphalts) was
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significant, results for each asphalt were handled seﬁarately.
This analysis resulted in the follow ng groupings of nethods:

1. Asphalt AAM | (AC-20):

Method™®¢ RO RI R2 R4 R6 BI R8 1 13
Average 0.210 | 0.310 | 0.440 | 0.463 | 0.497 | o0.503 0.554 0.561 0.7s1
Absorption
Groupings

It can be seen that asphalt absorption values obtained using
bul k inpregnated nmethod and the Rice method with 2, 4, and 6 hours
of aging are not significantly different fromeach other at a =
0.05. Moreover, there is no significant difference in the asphalt
absorption values obtained by the Rice method with 4 to 8 hours of

agi ng.

2. Asphalt AAB-2 (AC-5):

Method " RO R1 R2 R4 R6 BI R8 1 13
Average

Absorption 0.219 0.402 0.438 0.560 0.600 0.619 0.650 0.714 0.953
Groupings

Again, it can be seen that the absorption val ues obtained
using the Rice nethod with 4, 6, and 8 hours of aging in the oven
are not significantly different from each other as well as those
obtai ned using the bulk inpregnated nethod. Conbining the results
of the Duncan’s nmultiple range test for both the asphalts, we can
state that the Rice nethod with 4-hours of aging in the oven
results in asphalt absorption values that are not significantly
different fromthose obtained using the bulk inpregnated method.

b 11 and 13 refer to imrersion nethod with 1 and 3 hours
i mersion, respectively; BI refers to bulk inpregnated nethod;
and RO through R8 refer to Rice method with O 1, 2, 4, 6, and
8 hours of aging in the oven, respectively.

¢ Met hods are arranged in ascending order of the magnitude of
average asphalt absorption
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This point is further illustrated by considering an exanple.
Assunme that the bulk specific gravity of the conpacted m x using RC
aggregate and AAM | asphalt is 2.325. The Rice specific gravity
value at O hour (just after mxing) of 2.422 (0.17 percent asphalt
absorption) will give an air void content of 4.0 percent in the
conpacted speci nen. \ereas, the 4-hour aged Rice specific gravity
val ue of 2.458 (O.72(Percent asphalt absorption) will substantially
increase the air void content to 5.4 percent.

Absorption using G ass Beads

Asphalt absorption was determined wusing glass beads
(absorption = O during phase Il of this study and the results thus
obtai ned are reported in Table 5. As nentioned earlier, glass
beads were used to evaluate the errors associated with the test
‘equi pnment and test procedures used in the three absorption test
met hods. A t-test was conducted to check whether the asphalt
absorption obtai ned was suﬁnificantly different from zero. The
nmet hods were ranked accor |ngIK and it was found that the bul k
i npregnated specific gravity nethod gave the best results, followed
by the inmmersion method and then by the Rice nethod, as reported in
Table 5. The results of this phase suggest a need for refining the
Rice method which is currently being done at the National Center
for Asphalt Technol ogy (NCAT) under the SHRP a-003B contract.

Rel ati onship of Asphalt Absorption with Tine

As the absorption is a tinme-dependent phenonenon, data for
absorption using the Rice nmethod was regressed agai nst aging tine
in the oven. As shown in Figs. 1-4, the average asphalt absorption
val ues follow al most a hyperbolic curve when plotted agai nst aging
time. The coefficient of determnation (R*) for the fit ranges
from0.81 to 0.97. This was further confirmed by plotting the
asphalt absorption data reported by Kandhal and Koehler (23) for
Pennsyl vania mxes. Fig. 5 shows two curves obtained on HVA m xes
contal ning absorptive gravel aggregates. Coss & Co. ‘s mx had 7.5
percent asphalt content and the water absorption of the conbined
aggregate was 1.92 percent. Interstate Amesite Corp. ‘s mx also
had 7.5 percent asphalt content, and the conbi ned aggregate had
1.79 percent water absorption. Fig. 6 shows simlar curves for two
addi tional m xes used by these producers using absorptive gravel
aggr egat es. In this case, COo0sSs & co.'s mx had 5.1 percent
asphalt content, and the conbi ned aggregate had 2.0 percent water
absorption. The asphalt content for Interstate Amesite corp.'s
mx was 7.5 percent. | nff ormation on water absorption of the
aggregate used was not avail abl e. Agai n, the R values range
between 0.97 and 0.99. This neans that the asphalt absorption at
any time can be predicted if the absorption is determned at Otinme
and two other tines initially.
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The equations for obtaining an estimte of asphalt absorption
at any given aging tine, based on this hyperbolic relationship,
when asphalt absorption values at O aging time and any two
additional times are known, is given below.

t

A=A +
° a+bt

wher e, A =asphalt absorption at any given time t
Ao=asphalt absorption at O aging tine
and the constants aand b are obtained using
tt, 1 _ 1
A4, AA,

[ ]

Lo

1 L !

-Q—H[AAz_AAJ

wher e, A; - A4, and _ _
A, - A, are differential absorption at any

other aging times ¢ and ¢.

a4,
a4,

One nore advantage of the hyperbolic relationship above is
that the ultimate (or limting) value of absorption at infinite
aging time, A4, may also be estinated using

A,-Ao+l
b
The values of the limting absorption for the present study as well

as for the data for Pennsylvania m xes (23) are indicated in Figs.
1-6.

It is worthwhile nentioning that although only three
observations of asphalt absorption (at aging time O and any two
additional tinmes) are sufficient to determ ne the course of the
whol e hyperbolic relationship, it would be nore appropriate to
conduct nore than one test at each of these points and use the
average values in the above equations. Another approach would be
to carry out several observations at different aging times and
obtain a | east squares estimate of the constants a and b to be used
for prediction purposes.

It is believed that this predictive technique will especially

be useful when dealing with some probl em aggregates which have a
hi story of continual asphalt absorption during construction and
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subsequently in service (3) .

CONCLUSI ONS  AND  RECOMVENDATI ONS

Based on the asphalt absorption data obtained by 9 different
met hods/ t echni ques using three aggregates and two asphalt cenents
the follow ng conclusions are drawn and reconmendations made.

1. The Rice method after 4 hours of aging in the oven at 290°F is
believed to be the nost realistic and suitable nethod for
determ ni ng asphalt absorption. This recomended net hod will
also ensure a realistic value of the Rice specific gravity for
determ nation of the void properties of the mx for mx design
pur poses.

2. The asphalt absorption is found to follow a hyperbolic
relationship with aging tinme. Based on this relationship the
whol e course of asphalt absorption with tinme can be determ ned
i f asphalt absorption values at aging tine O and any other two
aging tines are known. The relationship can also be used to
predict the ultimte (or Iinjting? val ue of asphalt absorption
at infinite aging time. This wll especially be useful when
dealing with problem aggregates which have a history of
conti nual asphal t absorption during construction ~ and
subsequently in service.

There is a need to inprove the Rice nethod for better
reproduci bility of test results. This work is currently being
conducted at NCAT as part of the SHRP A-003B project.

The net hods for determning the bulk specific gravity of
coarse and fine aggregates whi ch are used in conputing the anmount
of asphalt absorbed, also need to be inproved. Establ i shing the
saturated surface dry condition of the fine aggregates has been a
serious problemin determning the bulk specific gravity. Inproved
techni ques such as calorinmetric procedures attenpted by Kandhal and
Lee (24) need to be explored.
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TABLE 1 - PROPERTIES OF AGGREGATES USED

RC - MAdam RB - Watsonville | RD - Frederick
Property Li mest one Ganite Li nest one
Bul k Specific Gavity
a) ASTM c127 2. 485 2.692 2.713
b) ASTM c127 + Vacuum * 2.494 2.709 2.722
C) Hg Porosinetry ** 2. 467 2.759 2. 899
Wat er Absorption
(% W. of Aggregate)
a) ASTM c127 2. 88 1.68 0. 38
b) ASTM c127 + Vacuum * 2.95 1.58 0.28
Medi an Pore Di anmeter 0.178 0. 054 0.013
, mcron
I ndex of Particle 13.2 14. 6 15.2
Shape & Texture
(ASTM D3398)

* Aggregate was vacuum saturated with water (vacuum | evel

= 30 mMm Hg, vacuum

saturation time = 10 rein) and then kept imrersed in water for 24 hours

** (btained at 14.7 psi




TABLE 2 - PROPERTIES OF ASPHALTS USED
Asphal t
Property AAM- 1 AAB-2
G ade AC2 O AC-5
Original Asphalt
Viscosity at
140 F, poise 1992 403
275 F, cSt 569 193
Penetration, 0.1 mm 64 166
(77 F,100 g, 5 see)
Ductility, cm 4.6 81.0
(39.2 F, 1 cm/min)
Softeni ng Point (R&B), F 125 115
Conponent Anal ysi s
Asphal t enes (n-heptane) 3.9 16.7
Pol ar Aromatics 50. 3 35.7
Napht hene Aromatics 41.9 36.5
Sat urates 1.9 10. 8
El ement Anal ysis
Ni trogen, % 0.50 0.50
Sul fur, % 2.40 5. 40
Vanadi um ppm 60 163
Ni ckel , ppm 29 36
Thin Film Oven Test
Mass Change, % 0. 00516 . 00149
Viscosity of TFOT Residue at
140 F, poise 3947 1073
275 F, cSt 744 263
Viscosity Ratio (140 F) 1.98 2.66




TABLE 3 - ASPHALT ABSORPTION DATA FOR PHASE 1 (PERCENT BY WEIGHT OF AGGREGATE)

RC - McAdam Limestone RB - Watsonville Granite RD - Frederick Limestone

(Water Absorption = 2,.88%) (Water Absorption = 1.68%) (Water Absorption = 0.45%)
Method/Conditionina AAM-1 (AC-20) | AAB-2 (AC-5) | AAM-1 (AC-20) | AAB-2 (AC-5) | AAM-1 (AC-20) | AAB-2 (AC-5)
1. Immersion Method (1 hr) 0.80 1.17 0.71 0.81 0.18 0.17
2. Immersion Method (3 hr) 1.23 1.63 0.91 1.02 0.12 0.21
3. Bulk-1mpregnated Method 0.73 0.97 0.60 0.73 0.18 0.15
4. Rice with No Aging 0.17 0.26 0.35 0.36 0.10 0.04
5. Rice with 1 hour Aging 0.42 0.60 0.44 0.59 0.07 0.02
6. Rice with 2 hour Aging 0.62 0.65 0.56 0.57 0.14 0.09
7. Rice with 4 hour Aging 0.72 0.92 0.60 0.68 0.06 0.08
8. Rice with 6 hour Aging 0.73 0.96 0.75 0.72 0.01 0.12
9. Rice with 8 hour Aging 0.88 1.1 0.66 0.7 0.12 0.13
Notes:
1. Each reported value is an average of 3 test restults.
2. On the average, the range of values for the 3 replicates was:

Met+--~~2 ange
Inmersion method 0.17
Bulk impregnate method © 13
Rice method o.17 *
Overall 0.16

The least average range was observed for Rice method with
4 hours of aging to be 0.09.

No outliers were observed.




TABLE 4 - ANOVA FOR PEASE | EXPERI MENTS
Sour ce af Ss WS Fo
Tot al 161 23.5166
Met hods (A) 8 4.6830 0. 5854 70.0
Aggregates (B) 2 14. 5063 7.2531 867. 2
AxB 16 2. 3494 0. 1468 17.6
Asphalts (O 1 0. 3746 0. 3746 44.8
AxC 8 0. 1452 0. 0181 2.2
BxC 2 0. 3244 0. 1622 19.4
AxBxC 16 0.1162 0. 0073 0.9
Bl ocks (Replicates) 2 0. 1311
Error 106 0. 8865 0. 0084

*

significant at a = 0.01




TABLE 5 -ASPHALT ABSORPTI ON DATA FOR PHASE ||

(Absorption by Percent Weight of Beads)
| ndi vi dual Aver age St andar d
Val ues | absorption Devi ation Ranki ng
Met hod (percent) (percent) (percent) [t] of t Remar ks
| mersion Method 0. 02
0.03
0.06 0.04 0.02 1.76 2 Not Significant
at a- 0.05
Bul k-1 mpregnat ed Met hod 0.01
0.08
0.02 0.02 0.05 0.45 1 Not Significant
at a=0.05
Rice Met hod 0.08
0.03
0.04 -0.05 0.03 1.89 3 Not Significant

at a - 0.05

Note : t0.025‘2 =4.303
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