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: ; ABSTM0T
This thesis is concerned with a limited analysis 

made on the properties of asphaltic concrete made with 
volcanic cinder aggregates»

The aggregates were combined into two gradations . 
and mixed using one grade of asphalt. The test specimens 
were■ formed by the standard :Marshall and Eveem methods and 
also a static method peculiar to this study. , Specimens 
Were tested by the Marshall and Hveem. methods. Immersion 
Compression tests were performed on two mixtures. In 
addition9 the aggregate was recovered from the specimens 
after testing by hot solvent extraction. Sieve analyses 
Were run to determine the extent of aggregate degradation 
during mixing., compaction and testing. ■

The results showed that.asphaltic concrete made 
using cinder aggregates had high stability over the range 
of six asphalt contents tested. Immersion Compression 
tests showed retained strength values which were considered 
questionable. The permeability of the. cinder asphaltic 
pavements may be a primary problem. The degradation 
analysis showed that the breakdown properties of the 
cinder aggregate, were no more serious than those;of man
ufactured lightweight aggregates

■ viii ■



CHAPTER 1

. /■ ' ■ . IHTRdDHCTIdM -
. A .limited amount of work Has- been done in estab̂  

lishing the properties of lightweight aggregates for use 
in asphaltic concrete highway surfacing. A significant 
amount of this work has been done with manufactured lights 
weight aggregates of expanded clay and shale <, Field and 
laboratory testing of these manufactured aggregates has 
been done.in Texas by Province (1963) and Callaway and 
Harper (1968). Large sections of roadway have been built 
in Texas and Louisiana with bituminous mixtures employing 
lightweight aggregateso These lightweight manufactured 
aggregates are becoming increasingly popular in states 
where suitable supplies of natural aggregates for use in : 
asphaltic concrete are scarce or exhausted=

An area which has long been plagued with the prob
lem of a dearth of suitable aggregate is Northern Arizona,® 
Around.the Flagstaff area, natural river-run aggregates 
normally used in asphaltic, concrete pavement construction 
are scarce or non-existent« The only material of which 
there is an abundant and convenient supply is a naturally 
occurring lightweight .volcanic cinder aggregate» . Cinder 
deposits can be found in.close proximity and prolific
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supply near every construction area., Because of their 
avallablli.ty2 'Cinder aggregates have been used in asphaltic 
concrete;sur£aeing2 at one time or another5 on nearly every 

; . highway in .this region.
Studies have been made on the use of volcanic 

cinder aggregates in portland cement concrete by Hall 
(1952) and Ross, and Kienow (1959) ® At this writing, the 
Arizona Highway Department is engaged in an extensive study 
and field test on the properties of portland cement pave
ment s using cinder aggregates. In the'literature search 
conducted, no study was uncovered which treated the prop
erties of asphaltic concrete made with volcanic cinder 
aggregateso Consequently, little is known of the aggregate 
properties when used in bituminous mixtures except by those 
directly involved with its construction and use. In 
Northern Arizona, various pavement stability and durability 
problems have been noted which can be directly attributed 
to the surface course of cinder asphaltic concrete and not 
to a base or subbase failure. Some mixtures exhibit 
"bleeding" or "flushing" of asphalt at the surface. This 
behavior might indicate an excess of asphalt cement, a 
reduction in the free void space in the compacted mixture 
or both of these conditions. Other mixtures exhibit prop
erties which are the antithesis of these, i,e,, raveling 
or loss of aggregate indicating a lack of asphalt binder.
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excessive loss of effective binder by absorption into the . 
aggregate or both of these conditions0 Conversely5 in 
numerous instances volcanic cinder asphaltic concrete has 
shown satisfactory stability and durability properties and 
. has provided a reasonably long5 serviceable life. Since 
little is known of . cinder: aggregate' .'properties: ;w#en used in 
asphaltic concrete5 these variations in .behavior are not 
generally understood.

The purpose of this thesis is to report on a study 
of the properties of asphaltic nonerete using volcanic 
cinder aggregateso The study was conducted in three basic 
parts. Initially some physical properties of the cinder 
aggregates were evaluated. The surface characteristics 
were examined visually and sieve analyses were conducted 
to determine sizes present and their distribution. Values 
were obtained for both.bulk and apparent specific gravities■ 
and absorption. Secondly., properties of the volcanic cinder 
asphaltic concrete were evaluated for mixtures using two 
gradations and up to six asphalt contents. Specimens for 
testing were prepared using three compaction methods and 
their strength properties evaluated using two testing pro
cedures.. Mixtures were also tested for resistance to.the 
effects of water.by the Immersion Compression method,
(ASTM D1074). Finallys the aggregate was recovered from 
the mixtures by means of hot solvent extraction. Sieve 
analyses were performed oh the recovered aggregate to.
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determine its degradation due to.laboratory mixing5 compact 
tion and testing.

Gonsiderable emphasis is.placed upon densitys 
specific gravity and voids computation because of the 
porous5 absorptive nature of the volcanic cinder aggregates



CHAPTER 2

AGGREGATE PROPERTIES.
The aggregate consisted of volcanic cinders which 

had been crushed to three-quarter inch maximum size for 
use in asphaltic concrete paving operations e This partic
ular sample was obtained from Arizona Highway Department 
materials pit number 6907. The source is located approx
imately one mile northeast of Seligman5 Arizona, This same 
aggregate has been used to surface a portion of UY S, 
Highway 66 and the crossroads and frontage roads for the 
Interchanges on Interstate Highway 40 near Seligman, The 
material was obtained in two sizes. Essentially, the 
coarse was plus number 4 sieve material with nine percent 
passing the number 4 and the fine was minus number 4 sieve: 
material with six percent retained on the number 4, 
Aggregate particle size distributions are shown in Figure 1 
and in Table 15 Appendix A, For field operation purposess 
the aggregate was stock-piled into two piles5 coarse and 
fine. The material was further separated into three sizes 
in the asphalt plant for mixing. For the laboratory' study5 
the aggregate was used as received. The coarse materialv 
was 11 scalped" on a three-quarter Inch sieve to remove the 
oversized particles. The aggregate combinations were made 
from the two gradations supplied.
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Visual Appearance 
A visual inspection of the coarse aggregate dis

closed that there were generally four types or variations 
of volcanic aggregate present» The sample was almost 
entirely composed of a highly porous cinder̂  light red to 
pink in color. This, portion of the aggregate was not at all 
durable and transferring it from pan to pan several times 
produced considerable dusting and attrition of surface 
asperitieso This type of cinder comprised roughly ninety- 
five percent of the coarse aggregate sample«, A photograph 
of a sample of the coarse aggregate is shown in Figure 20 
The remaining portion was composed of three other distinct 
aggregate types „• The most evident was a dark gray basalt 
and secondly a dark gray vesicular basalt. These darker 
particles were not as susceptible to attrition as was the 
red cinder. Further̂  the vesicular basalt had large blow 
holes or vesicles. Its structure resembled that of a honey 
comb. Finally5 there existed a white pumice-like or 
tuffaceous aggregate. These particles were generally round 
in shape. Upon close inspection̂  the tuff aggregate v . . 
resembled a/ breccia. This portion was much softer than the 
other four types. All four of these distinct aggregate 
types were present in all sizes. Because of the various 
types of aggregate5 difficulty was encountered in obtaining 
representative samples, especially for specific gravity 
determinations.
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Grain Size Analysis 
Samples from each of the two aggregates were passed 

through-a nest of standard sieves consisting of t, 1/2 inch5 
3/8 inch and numbers 4̂  85 l65 3G.5 50̂  100 and 200e The. 
results are shown plotted in Figure 13 page 6s and listed 
in Table 13 Appendix A0 This analysis indicated̂  as pre
viously mentioned5 that .the' two sizes were essentially 
plus number 4 and minus number 4 sieve size„

. • , - . Absorption
Probably the most troublesome property of the 

volcanic cinder is its absorptive characteristic e Its high 
capacity for absorption of aspha.lt is one of its most 
unde sir eable traits => Physically the cinder is permeated by 
a large number of capillary openings and larger vesicles,
A preliminary step in the investigation of absorption was 
immersion of a portion of the aggregate in water. By 
breaking several particles^'it was noted that after about 
fifteen minutes the red cinders had been wetted on the 
inside. This indicated that the pores are,generally inter
connected throughout, The basalt .was not wetted inside and 
the vesicular type/had only the large permeable surface 
voids wetted. The degree of absorption of the tuff portion 
of the aggregate due to its color3 could not be determined 
visually. It was asstimed3 because of its obvious, high 
porosity5 that its water absorption property would basically
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.resemble that of the red cinder,; This absorptive property 
and large pores which serve as traps for the asphalt are 
obvious reasons why asphaltic concretes using cinder . 
aggregates contain high-percentages of binder. The absorp
tion of water by the aggregate is most critical when 
determining the specific gravity of the aggregates and the 
measured maximum specific gravity of the mixture which 
will be discussed in later sections. .

Various methods have been proposed to determine the 
asphalt absorption ■■qualities of aggregates. Go shorn and 
Williams (19̂ 2) and also Gallaway and Harper (1968) des
cribed a method whereby the absorption of asphalt by an 
aggregate was determined when an unlimited supply of hot 
asphalt was available. This test was not performed because 
this condition would not be present in a. mix and there
fore would not be directly.applicable.

A more realistic method of determining asphalt 
absorption is that proposed by Rice (1956). . Using this 
method5 absorption is directly determined from actual 
mixtures. This topic is discussed later in Chapter 3.

For an estimate of the amount of absorption of the. 
aggregates the:percentages of kerosene and SAE Wo. 10 oil 
absorbed by the fine and coarse aggregates respectively5 
were determined. The California Centrifuge Kerosene 
Equivalent method for determining absorptions outlined in 
The Asphalt Institute Manual MS-2. (1963)5 was followed6
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These test results were as follows: 7»1 percent kerosene
was absorbed by the fine.aggregate and 1868 percent .3&E No. 
10 oil was retained by the coarse aggregatee From these, 
values it is evident that the coarse fraction of the 
aggregate is the more absorptive0. . ,

The cinder, aggregates were found extremely porous 
and pervious to water. Considerable difficulty was met 
in establishing a value of specific gravity.

The apparent specific gravity was determined using 
a method similiar to that of Benson and Subbaraju (1955)°
The apparatus consisted of a glass jar with a machined 
aluminum cap. This jar was connected to a simple aspirator 
attached to a vjater faucet. The solution used for immersion 
of the test sample was a <,075 percent solution of aerosol- 
a wetting agent. The weight of the jar of pycnometer full 
of solution was obtained and recorded. A known weight of 
oven dry sample was introduced into the pycnometer and 
enough solution added to cover it. A vacuum was then applied 
for about fifteen minutes. After this time> the pycnometer 
containing the sample was again filled with the solution 
and its vreight recorded. The apparent specific gravity was 
then calculated as the ratio of the oven dry weight to the 
volume of water displaced by the sample. Apparent specific 
gravity determinations by this method showed good
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reproducibility for the fine aggregate, Because of the 
difficulty in obtaining a uniform sample of the coarse 
aggregate s the determinations were not as uniform., but 
within the specified tolerances«, Specific gravities obtained 
were 2«,56 and 2,63 for coarse’and fine cinders respectively0 

- By definition, bulk specific gravity is the ratio 
of the weight of a given volume of matter, including solid 
material, permeable and impermeable voids, to the weight 
of a volume.of water equal to the total volume of the 
material, Cinder aggregates, eharacteristically, have 
very porous surfaces® This made it impossible to obtain 
the weight of a volume of water equal to the total volume 
of the sample0 Bulk specific gravity was determined on a 
saturated surface-dry basis. The material, both coarse and 
fine, was saturated by the vacuum method previously 
described. The fine material was then tested for saturated : 
surface-dry condition according to the method outlined in 
ASTM (C128-59)® Little difficulty was encountered in 
determining the saturated surface-dry condition. Bulk 
specific gravity based on the saturated surface-dry 
condition was determined to be 2.10.

. Bulk specific gravity determinations on the coarse 
fraction was somewhat more difficult. To obtain saturated 
surface-dry condition, the saturated aggregate was wrapped 
tightly in ah absorbent towel (to prevent evaporation) and 
blotted until there was no visual water on thex surfAce.
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This method gave fair results but they were not as consis
tent as requiredc . Whether or not a saturated surface-dry 
condition was actually obtained is questionable,. It was 
impossible to dry all of the surface by this method, A 
source of variability in the 'results was the visual deter
mination of the saturated surface*-dry condition = Difficulty 
in obtaining uniform samples of coarse aggregate was also 
a source of variation in the results. Bulk specific 
gravity for the coarse aggregate based on a saturated 
surface-dry condition was determined as 1.95 ± .04* The 
variability in these resUits exceeded the .02 specified by 
ASTM (127). It is to be noted that these values were not 
used for void computations.

Aggregate Combinations 
Several factors were recognized in selecting 

gradations for the asphaltic mixtures i, Puller (1907) 
calculated the particle size distribution which yielded 
maximum density in Portland cement concrete* It is known 
that aggregate gradations which have maximum density produce 
mixtures with high stability * Howevers a dense aggregate 
blend has less void space for asphalt and lacks durability. 
Further5 since the maximum density gradation contains a 
high percentage of coarse aggregate sizes 2 segregation in 
the resulting mixtures is a problem. In cinder aggregates2 
these basic facts may or may not;be applicable.
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Because of the rough surface texture of the cinders> 
an aggregate blend gra,dation resembling that of Fuller may 
not produce mixtures; with the highest densities or stabil
ities, It was also recognized that the harsher or more 
coarse the gradation^ the more segregation and compaction 
problems would arise» Also in mind were the purposes of 
. the thesis to study .the.stability properties of cinder 
mixes and the degradation of the cinder aggregates during 
mixing, compaction and testing,

A good starting point to aid in chosing an aggre
gate gradation to be used in asphaltic concrete is Fuller8s 
maximum density curveo The curve for three-quarter inch 
maximum dlze aggregate is shown in Figure 3= It was found 
that a combination of fifty percent coarse and fifty per
cent fine aggregate, by weight, was as close to the maximum 
density curve as could be obtained using the aggregate as 
received from the field„ This gradation, it was felt, would 
best allow a study of stability properties of volcanic 
cinder asphaltic concrete mixtures having aggregate grada
tions approaching maximum density<, Further, the fact that 
a high percentage of coarse aggregate was present in the 
mix would facilitate a study of breakdown and segregation 
durjJig mixing, molding and testingc For these reasons, a 
mixture of fifty percent coarse and fifty percent fine was
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chosen as. aggregate combination number one.' The particle 
size, distribution is shown in Figure 3 and; in Table 13

The second gradation was a combination of thirty 
percent coarse and seventy percent fine aggregate. The 
fact.that this gradation, when compared with the maximum 
density and the number one gradation curves, was less dense 
would provide a contrast. The less dense gradation and the 
lesser amount of coarse aggregate would also facilitate a 
study of the aggregate degradation. The gradation of the 
thirty-'seventy aggregate blend is also shown in Figure 3 
and in Table 1, Appendix A.

The final consideration in the selection of these 
two gradations was whether or not they met the specifications 
now. in use by the Arizona Highway Department or the 
American Society for Testing Materials» Fortunately, both 
gradations fell within the limits of the Arizona Highway 
Department specification (41-2.02 B) for a maximum nominal 
size of aggregate of one-half inch. Also the gradations 
:fell within the ASTM specification (DI663). Consequently, 
these gradations could be used in the field and be within 
the governing specifications and the data in this thesis 
could be directly applied to a field construction mixture 
design. .



CHAPTER 3

ASPHALTIC MIXTURES

Basic Study Outline 
For the basic, study of volcanic cinder asphaltic

• ' ■ - X.- .

concrete propertiesone type of asphalt was used. This 
was Chevron asphalt of 85/100 penetration grade supplied 
by the Chevron distributing plant of Tucson, This particular 
grade %vas chosen because of its common use in the field.
Two gradations of aggregate were used as previously 
mentioned. The compaction procedures were the Marshall 
impact compaction at fifty blows per face (ASTM D1559)5 the 
Hveem kneading method (ASTM DI56I) and a static compaction 
utilizing a 750 pounds per square inch pressure held for 
two minutes« For the Marshall and Hveem methods, a minimum 
of five asphalt contents was used in the mixtures tested for . 
stability, In the static method̂  three asphalt contents 
were used, .

Burability of mixtures was evaluated using the 
Immersion- Compression test. For these tests5 the same 
•asphalt content was used for each aggregate gradation.

17



Mixing - - '
All mixing' was done in a Hobart ten-quart capacity 

1 mixer with a speed of 6p revolutions per minute» Aggregate ... 
.batches of sufficient quantity were heated to 275 * 5° F in 
a forced, draft oven0 Sufficient asphalt was also heated to 
275 * 5° F to provide the desired asphalt content with- a 
slight excess„ At no time was asphalt reheated or held 
at the mixing temperature for more than two hours«

When the components were at the'desired tempera
tures, a preheated mixing bowl was charged with the hot 
aggregate and tared on a triple beam balance« A shallow 
pit was made in the aggregate in which to pour the hot 
asphalt5 minimizing its contact with the sides of the bowl. 
The proper amount of asphalt was then added and the bowl 
placed in the mixer. Mixing times were a minimum of one 
and one-half minutes and for the lower-asphalt contentŝ  . 
ranged up to two and one-half minutes. After mixinĝ  the 
material was transferred from the mixing bowl to a large 
circular pan for separation. Caution was taken to minimize 
segregation especially in the coarse mixture. The mix was . 
then separated into four, portions. Enough mixture for three 
separate specimens Was placed in a 250° F forced draft 
oven to be brought to the compaction temperature and the 
remainder was spread on a metal counter top to cool for 
specific gravity determinations. The mixture temperature5 
after the mixing operation̂  was checked periodically and
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only at the longer mixing times-was the temperature of 
the mix under. 250° F when placed in the oven.

A very singular behavior -̂ as noted during the mixing 
process. At initial mixing stages^-all mixtures.seemed 
dry or lacking in asphalt regardless of bitumen content.
About mid-way through the cycle 5 the fine aggregate portion 
was coated with asphalts. but there existed a large per
centage of the coarse aggregate particles which was partially 
coated or essentially dry. As mixing continued, it was 
noted that the fine coated aggregate particles began to 
agglomerate around the coarse uncoated particles. At the 
end of the mixing cycle, all coarse aggregate particles had 
a fine smooth appearance. This sequence is illustrated in 
Figure 40 Only at the higher asphalt contents, i.e., 
twelve, thirteen and fourteen percents, were the coarse . 
aggregate particles (other than those in direct contact 
with asphalt at the start of the mix cycle) coated with 
asphalt. This behavior may be typical of. cinder aggregates, 
and would affect the determination of the maximum; specific 
gravity. Rice (1956) states that for absorptive aggregates . 
the absorption of water during maximum specific gravity 
determinations is■a problem. Province (1963) presents a 
method whereby this problem is treated. It was felt here 
that since the aggregate particles were essentially coated 
with an impervious film, that the mixture could be treated
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STAGE I. Coarse aggregate uncoated, fine 
aggregate coated with asphalt

o o

STAGE II. Coarse aggregate coated with fine aggregate-asphalt mixture
Figure 4. Volcanic Cinder Asphalt Mixing Sequence
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as one containing a non-absorptive aggregate without 
seriously affecting the accuracy of the results.

: Molding
. All specimens were formed at a compaction temper

ature of 250 ± 5° Fo Molds were also stored at the same 
temperature and molding operations were carried out as 
quickly as possible to minimize heat loss. The Marshall 
compaction was performed using a standard Marshall 
compaction apparatus. The procedure outlined in The Asphalt 
Institute Manual MS-2'(1963) was followed. Fifty blows 
of the hammer were applied to each face of "the specimen. 
Immediately after compaction̂  each specimen was extruded 
from the mold by a hand operated press, placed on a wooden 
pallet and then allowed to cool to room temperature.

The California kneading compaction procedure and 
compactor ASTM (D.156I) were used to prepare specimens for 
Hveem testing methods. After compaction these specimens 
were cured at l40° F for one and one-half hours, after which 
a leveling load of 1000 pounds per square inch was applied. 
The specimens were then extruded wifh a hydraulic press, 
placed on a wooden pallet and allowed to cool to room 
temperature.

A static compaction procedure was also used to 
prepare specimens for stability tests. The method and its 
sequence was as follows. The mold used was. a, standard.



four-inch diameter by five inches in height, supported on 
a base plate by two removable metal bars o' .. The mixture was 
placed in the mold in two layers. Each layer was fodded 
twenty-five times, fifteen around the inside of the mold and 
ten at random over the interior, with a thin metal.spatula.
The mold containing the loose mixture was then placed in the 
machine for compaction. A compaction head speed of .15 inch 
per minute was used. When a pressure of 150 pounds per 
square inch was reached, the bars supporting the mold were 
removed and a double plunger, compaction initiated. The 
total pressure of 750 pounds per square inch was then reached 
and maintained for two minutes. The specimens were then 
extruded, placed on a wooden pallet and allowed to cool to 
room/temperatureo The pressure of 750 pounds per square 
inch was chosen after observation of the cinder behavior 
at higher pressure. Because of the high temperature of the 
mix, considerable breakdown occurred at higher pressures. 
Although specimens could resist the Hveem leveling load of 
1000 pounds per square inch at l4o° F, they could not with
stand this pressure at the compaction temperature. The 
densities achieved by this method were generally lower than 
those attained by the Marshall and Hveem methods. Densities .. 
of specimens prepared by the static method from the coarse, 
mixture ranged from 1. 5 8  at 9  percent asphalt to I . . 6 3  grams 
per cubic centimeter at 11 percent. Specimen densities 
prepared from the fine mixture ranged from 1.49 to 1.54 grams:
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per cubic centimeter for the same asphalt contents. Hveem 
specimen densities a,t these same asphalt contents ranged 
from le6o to 1063 for the coarse mixture and le6l to I.67
for the fine mixture„ At these same asphalt contentŝ
Marshall specimen densities were le595 1.68 and 1.6l5 I.67 
for the coarse and fine mixturesa respectively«,

The static procedure was included to give some 
relation between the standard methods and a simple method 
which may pe adaptable to field laboratories where a
hydraulic jack would be readily available.

The specimens for the Immersion Compression test 
analysis were compacted using the method outlined in ASTM 
(D1074).

Specimens which' were formed for stability testing 
were four inches in diameter and approximately two and one- 
half inches in height. Immersion Compression specimens 
were four inches in diameter but four inches in height., 
according to ASTM (D1074).

Testing Procedures 
Specimens, compacted by the Marshall impact method 

Were tested for stability and flow using a-standard.Marshall • 
test apparatus (ASTM D1559)° Specimens which were compacted . 
by the California mechanical kneading compactor were tested 
for stability using the Hveem stabilometer and for cohesion 

/. using the Hveem cohesiometer. The cohesiometer used was
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a Series 100s manufactured by the Rainhart Company, Austin5 
Texas« The specimens molded by static Compaction were 
tested using the Hveem stabilometer and cohesiometer„ The 
Hveem methods of strength analysis were chosen to analyze 
the specimens formed by static compaction for two main 
reasons: 1) since the loading and testing of the specimens
is done in the same direction as compaction effort5 the 
effects of compaction on the aggregate orientation and 
interlock could be more closely compared5 2) the Hveem 
method is more analytical in that it separates the effects 
of friction and cohesion in a specimen,, The testing of the 
specimens generally followed the-standard procedures* Test 
temperature was 14.0° F for all stability tests e Marshall 
specimens, were heated in an air bath for three hours before 
testingo The air bath was chosen over a water bath out 
of concern for the effect of water on the compacted 
mixtures. Specimens prepared by static compaction were 
also brought to the test temperature in an air bath. Unless 
otherwise stated5 the testing methods followed standard 
procedures.

Immersion Compression specimens were■formed accord
ing to ASTM.(D1074)o Six specimens were formed at ten 
percent asphalt for both the fine and coarse gradations.
The value of ten percent asphalt was chosen as a representa
tive asphalt content in the specimens compacted by the ; 
Hveem method. Specimens were soaked using the alternate



25-
procedure, speaif.ledo Accordingly5 they were immersed for 
twenty ““four hours in a: 14.0 .$■' 5° -P water bath. Specimens 
were tested, in a Riehle 60,000 pound capacity mechanical• 
testing machine at a loading rate of .2 inch per minute«, 
as specified. Strength retension results are tabulated 
in Table 5s Appendix A. t

■ ■ Density and Air Voids
In order to calculate the amount of voids in a 

compacted mixture, a value of specific gravity must be 
established for the mixture. The percent air voids in a 
compacted mixture was obtained from the expressions .

Eercent Voids . ( 1.0 - ) x 100Specific Gravity
If the value of specific gravity used is higher than 
actually present in the mixture3 then the air voids computed 
will be too high. Conversely, if the specific gravity used 
in this computation is less than actually present, the 
.calculated air void percent will be lower than actually 
exists ih the compacted mixture„ These errors in calcu
lation would lead to rejection of a suitable mix because 
of the lack of suitable voids in the compacted mixture and 
the acceptance of a mixture which actually contains an 
insufficient amount of voids to prevent "bleeding" or 
"flushing".



Jimenez (1967) reports that in order to make the 
void computation5 a reference or maximum theoretical 
specific gravity must be established for the mixturee 
The reference computation is made by calculating the 
specific gravity of a mixture in which the weights and the 
specific gravity of each component is known. Theoretical 
specific gravities may be calculated from the expression:

where: Gmax = maximum theoretical specific gravity
■= percent of aggregate present \

Pg = percent of bitumen present 
Gq_ . = aggregate specific gravity used 
Gg = specific gravity of the bitumen 

Obviouslya the maximum specific gravity value obtained is 
dependent upon the aggregate specific gravity value used. 
For normal aggregates with relatively smooth surface 
textures, bulk and apparent specific gravity values are 
similiar.. The bulk' and apparent specific gravity values 
for the cinder aggregates differed markedly. Figure 5 
shows theoretical specific gravityv.values; for the coarse 
mixture calculated using, both apparent and bulk specific 
gravities of the aggregate. Also plotted in Figure 5 are 
the values for the theoretical specific gravity determined 
from the mixture using the Rice (195.6) method. . It is
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evident that neither of the theoretical specific gravity 
values calculated actually predict the specific gravity of 
the mixture. . The maximw.specific gravity as measured 
from the actual mixture by the Rice method was used for 
the computation of void content.

Knowing the measured specific gravity of the 
mixturey the proportions of asphalt and aggregate and the 
specific gravity of the asphalty the effective specific 
gravity of the aggregate can then be.determined. The 
effective specific gravity can then be used in place of the 
apparent or bulk specific gravity of the aggregate in 
computing the reference maximum theoretical specific gravity. 
The effective specific gravity of the aggregate was used 
to compute the voids in the mineral aggregate values which 
were used in the test result, analysis.

All compacted specimens were tested for density 
using Method By as outlined in The Asphalt Institute Manual 
MS-2. This method can only be used if the specimens 
have a .dense»̂ impermeable surface. Special attention was- • . 
directed to the specimens Compacted from the coarse mixture 
using the static method of compaction. These specimens had: 
very rough surface textures. Accordingly^ their densities 
were determined by a method designated ASTM (D1188). This 
method involves coating of the specimen, with paraffin to 
prevent surface'pores from being"- filled. Densities obtained
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by this method averaged 0o2 grams per cubic centimeter 
lower than the densities determined by The Asphalt . 
Institute•Method B. '

Analysis of Test Results 
An. asphaltic concrete mixture must have several 

desireable qualities in order to be used successfully0 It 
must have stabilitŷ  durability and flexibility«

Stability is defined as -the resistance of the 
mixture to deformation under loade Stability is generally 
considered to be a, function of particle friction« The 
frictional resistance in a mixture is due mainly to inter- 
particle friction. Inter-particle friction is attributed 
to the surface roughness of the aggregate and the inter
block among the particles, When asphalt is mixed with 
aggregates the friction between the particles is somewhat 
reduced. The reduced friction allows a more effective 
compaction which yields a.denser mixture and higher 
stability. At higher asphalt contents5 the asphalt film on. 
the particles lubricates the aggregates greatly reducing 
the surface friction. For comparable gradations> the 
rougher the surface of the aggregate 5 the higher the 
asphalt content at which this reduction in stability occurs. 

Durability is the resistance of the mixture to 
in-service conditions,. Good durability properties are 
present in mixtures which have high densities and high



asphalt contents«, The high densities yield low void 
contents and hence5 mixtures that are impervious to air and 
water which may prematurely age the binder» The high 
asphalt content also reduces the permeability of the mixture. 
The pavement must also be able to resist the action of 
trafficV Therefore5 it is important that a strong aggregate 
be used in the mixture.

Flexibility is considered to be the ability of a 
mixture- to resist repeated flexural, stresses without 
cracking by fatigue. This property is directly influenced 
by the amount of binder in the mixture.

A dense mixture with a high asphalt content is not 
necessarily the most stable even though its durability and 
flexibility properties may be maximum. Dense mixtures with 
high Quantities of asphalt do not generally contain suffi
cient void space to prevent "bleeding“ or "flushing" of the
pavement. The high asphalt content would lower the
stability of the mixture. It is evident from this discus- 
Sion, that these three properties must be considered jointly
and a suitable compromise obtained in the final mixture
design. It is generally recognized that as much asphalt as 
possible should be used in a mixture to insure the proper
ties of flexibility and durability without critically 
reducing stability. ' .
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Marshall Method -
The results of the tests conducted using the 

Marshall methods are shown In " Figure s 6-3.1 and in Tahle 2S 
Appendix A.

Figure 6 illustrates that specimen stability values 
were very much higher than the specified minimum of 750 
pounds. The.stability increased with asphalt content to a 
maximum and then decreased.' Figure 7 shows that density 
increased with asphalt, content. This indicates that the 
asphalt allowed denser packing of the mixture thereby 
. increasing, inter-particle friction. When the asphalt 
content, reached a critical value3 it reduced stability by 
acting more as a lubricant. The density continued to 
.increase due to this ease of particle orientation or move
ment during compaction.

A maximum stability value for both mixtures was 
reached.at about 13 percent asphalt content. The. density 
curve for the coarse mixture also shows a sharp increase 
at the 13-14 percent asphalt value. The percent voids in 
the mixture also drops_ rapidly at this asphalt content.
This behavior may result from. some change in the physical 
characteristics of the mixture which occurs at this point. 
It was noted during mixing that the characteristics of the 
mixture changed at the asphalt content of 14 percent. The 
bitumen which was in excess of that needed to satisfy the
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absorption or texture requirements began to scat the 
particles in the mixture0 This increase in the lubricating 
fiM thickness would cause the sharp increase in density 
and the sharp decrease in stability and void content of the 
coarse.mixtureo The fine mixture was not affected in this 
' manner5 probably because of its greater surface area*

It is seen from the figures that the coarse mixture 
had higher densities and lower void content than the fine 
mixture5 at comparable asphalt contents5 but it generally 
had lower stability. However, both mixtures indicated the 
same maximum stability. This could be explained by the 
density of the two mixtures. Figure 6 indicates that the 
increased asphalt content increased compaction effective^ 
ness in the coarse mixture at a higher rate than in the 
fine. Even, though the coarse mixture had lower stability 
and density at lower ..asphalt contents than did the fine, 
the density and stability of the two mixtures were the . 
same at the maximum point.

The air voids decreased with increasing asphalt 
content as shown by Figure 9. This further indicates that 
more asphalt, in the mixture allows higher densities by 
more efficient compaction. The increase in the asphalt 
content also displaced air in the compacted mixture.

The Marshall flow values are. plotted in Figure 8. 
The Marshall flow value .indicates the ability of the 
spec imen to re sis t deformation. Normally 5 f1ow values



MA
RS
HA
LL
 
FL
0W
-0
.0
1 

in

O Coarse Mixture 
O Fine Mixture

12

10

1411 129 10
% AC BY WT. OF MIXFigure 8, Marshall Flow Values

AIR
 
VO
ID
S-
pe
rc
en
t

O Coarse Mixture 
O Fine Mixture

20

10

11 1210
% AC BY WT. OF MIXFigure 9* Percent Air Voids

Marshall Method



VOI
DS 

MI
NE
RA
L 

AG
GR
EG
AT
E-
pe
rc
en
t

O Coarse Mixture 
C Fine Mixture

9 10 11 12 13 14% AC BY WT. OF MIX
Figure 10. Voids Mineral Aggregate
Marshall Method

VO
ID
S 

FI
LL
ED
-p
er
ce
nt

O Coarse Mixture 
O Fine Mixture

1410 11 12
% AC BY WT. OF MIX

Figure 11. Percent Voids Filled-
Marshall Method



increase with asphalt content.. The flow values of the 
cinder mixtures examined were somewhat scattered. Although 
the values did tend to increasê  this relation was not 
clear. This inconsistency might be explained by the fact 
that the cinder mixtures were insensitive over large ranges 
of asphalt content.

Hveem Method
The results of the tests conducted using the Hveem 

method are shown in Figures 12-17 and .in Table 3s Appendix. A.
The Hveem stability test is performed in a tiiaxial 

system at a .slow rate of deformation (.05 inch per minute) 
and at a temperature Of 140° F to simulate average high 
field temperatureso Under these test conditionss the . 
stability test primarily measures the frictional resistance 
of the aggregate and how this resistance is affected by 
asphalt content.

The figures show that the specimen stability values 
were considerably above the minimum of 37 suggested for 
heavy traffic. The figures also show that the stability 
was generally unaffected by the amount of bitumen in the 
mixture. These.results indicate that the cinder mixtures 
have high friction properties. The fact that this inter- 
particle friction was unaffected over the range of asphalt 
contents tested further illustrates the hypothesis that 
the physical chararacteristics of the mixtures did not
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change at these asphalt contents* If the Marshall data 
were correctly Interpreted5 then the Hveem stability would 
decrease at 14 percent asphalt.

The two mixtures tested had the same general 
stability value. The fact that one aggregate gradation 
was initially more dense had no effect on mixture stability. 
There are two possible reasons for this behavior. Either 
the inter-particle friction was basically the same for both 
mixtures or the compaction effort broke down the coarse 
mixture gradation until it was essentially the same as the 
fine mixture gradation.

The Hveem cohesdometer is a measure of the cohesive 
or tensile strength of a mixture. Figure 14 shows that the 
coarse mixture had higher cohesion than the fine mixture. 
This may be attributed to the higher number of coarse 
particles and. to the interlock between these particles.
Both mixtures showed substantial cohesion well above the 
minimum of 5Q that is recommended. Asphalt content had 
less affect on the cohesion of the fine mixture .‘than it did 
on the coarse. Either the fine mixture was less affected 
because of its greater surface area or5 although, the two 
mixtures had the -same density,, the increase in bitumen 
increased the effect of particle interlock.

Figure:l3 shows rthat both mixtures generally had 
the same densities, indicating that the gradation of the
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• aggregate in these two mixt-ures -was affected in the same , 
manner by the Hveem compaction method« Figure 16 shows 
the voids in the aggregate for both mixtures. If this 
figure is examined5 it can be seen that both the coarse. 
and fine, mixtures prepared .by the Hveem method have 
essentially the same values for comparable asphalt contents. 
This would indicate that the Hveem compaction affected both 
mixture gradations in a similar'manner.

Static Method
The results of the tests conducted on the specimens 

formed by static compaction are shown in Figures 18-23 and 
in Table Appendix A. -

. The static method was included to outline a simple 
field procedure for the preparation of specimens for 
laboratory testing. From the results obtained* it is 
obvious that the static method alone does not give a good 
indication of the properties of the mixture. However* the 
results of the Hveem tests run on specimens prepared by . 
static compaction might be correlated with those performed 
on specimens prepared by the Hveem method* From this 
comparison* an acceptable stability for specimens prepared 
by static methods could.be determined.

Figure 18 illustrates that the specimen stabilities, 
were low. The stabilities were below the minimum specified 
value of 3Q for light traffic. This indicates that there
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was.a lesser amount of inter-particle friction than in the 
specimens; prepared by the Hveem method 0 This further 
indicates that there was probably less particle movement 
and orientation during compactionIn Figure 24> the 
densities and particle: orientation, can be visually compared 
between specimens representative of the Marshall compaction 
method and one representative of the static method. It is 
evident from the photographs that the static method produced 
less horizontal particle orientation than the standard 
method«, Also, more large voids are present in the static 
specimen. The low stability of the static specimens can be 
attributed to poor compaction. This method might be further 
revised until more suitable compaction and hence a more 
meaningful comparison with the Hveem method is obtained.
Care must be taken in increasing the .750 pounds per square 
inch compaction pressure. If the pressure is too high, the 
characteristics of the mixture will be extensively changed.

It is again interesting to note that the two 
mixtures examined had similiar stability characteristics.
The denser mixture would be expected to have higher 
stability. The fact that the two mixtures had the same 
stability properties-was not readily'explainable. Both . 
mixtures indicated a maximum Hveem stability at 10 percent 
asphalt. These characteristics may indicate that the 
physical properties which affect stability did not change 
over the range of asphalt contents tested. It might also



Specimen prepared by static compaction.

Specimen prepared by the Marshall Method.
Figure 24. Volcanic Cinder Asphaltic Concrete Specimens
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further indicate that the stability of the cinder mixtures 
was primarily dependent on the properties of the aggregate 
and relatively independent of the amount of binder*

The Hveem cohesiometer results shown in Figure 19 
were low* Values for both mixtures ranged about the speci
fied minimum of 50, . This further indicated the low degree 
of particle interlock. Over the range of asphalt contents 
tested5 cohesion was not affected by binder content,
1 The static method produced specimens which were
less dense at comparable asphalt contents than the standard 
methods. Void and density behavior were as expected.

Comparison of Methods
The stability values of the Marshall and Hveem 

methods cannot be directly compared. The Marshall method 
measures the resistance of the specimen to a deforming load. 
The Hveem method measures the amount of frictional resist
ance present in the specimen,. Regardless of thiŝ  the two 
tests indicated that volcanic cinder asphaltic concrete has 
high stability. The rough surface texture of the aggregate 
readily lends itself to high inter-particle friction and 
aggregate interlock. Characteristically5 the Marshall 
stability test indicates maximum stability at higher asphalt. 
contents. The Marshall method indicated a maximum stability 
at 13 percent bitumenx The Hveem method did not indicate a
maximum valuebut high and constant stability values were

. ■ "  ' . . ■■



''attained; at considerably lower asphalt contentse This 
behavior is typical for asphaltic mixtures using normal 
aggregates.

One.unusual result obtained from the tests was that 
for cinder aggregate mixtures5 the Marshall compaction 
yielded higher densities than the Hveem method. Normallŷ  
the Hveem method is the more effective. This indicates 
that the high inter-particle friction characteristics of 
the mixtures caused the impact compaction to be more 
effective in producing high density than the kneading action. 
In aggregates where the surface asperities are more, durable5 
the opposite effect would be expected,

/Figures 105 16 and 22 show the percent voids in the 
mineral aggregate for all three compaction methods. All 
the compaction methods produced specimens with high 
aggregate-void contents. The jiigh void contents are the 
result of the surface texture of the cinders. The Marshall 
method produced specimens with the lowest aggregate-void 
contents, further indicating the greater effectiveness of 
the impact method in densifying. the mixture.

Figures 7s 15 and 21 show that the normal void 
criteria cannot apply to mixtures using cinder aggregates. 
Because of the high void contents in the mineral■aggregate, 
the air void content for the compacted mixtures is very 
high. The air void content was in the specified range of



from 3 to 5 percent only at the high asphalt content where 
stability is below maximum. Apparently^ air void content 
is not as critical a requirement for cinder mixtures as it 
is for normal mixtures= If the mixture with the high 
asphalt content and low void content were' usedp consider
able stability problems could result in the pavement. The 
void requirements for normal aggregates may not be appli
cable to volcanic cinder asphaltic concrete„ However, this 
high void content is not considered a major problem.
Traffic action will serve to reduce the voids and an 
adequate seal coat will reduce.the permeability of the 
mixture. Mixtures exhibiting good stability and cohesion 
properties would be acceptable and void content would; 
generally not be considered.

Immersion Compression Test
Immersion Compression test results are shown in 

Table 55 Appendix Ac
The Immersion Compression test is a measure of the 

resistance of a mixture to the effects of water. . This test 
is not entirely indicative of the true service properties 
of the cinder mixtures. The high compaction pressure used 
in the preparation of the specimens produced the same 
average density for both mixtures. This fact in itself, 
did not differ from the mixture behavior under Marshall 
and Hveem compaction. However, both average .densities



were 1.77 grams per cubic centimeter which is considerably 
higher than even the Marshall densities at 10 percent 
asphalt content.; The Marshall densities were 1.62 grams 
per cubic centimeter for both 'mixtures at 10 percent 
asphalt.■ This high density indicated greater particle 
breakdown in compaction. The surfaces of the specimens 
were also dense and showed considerable asphalt flushing. 
These two facts would indicate that the retained strength 
percentages would be higher than would normally be expected 
for the mixtures in service5 because the specimens would 
be less permeable to water. In spite of this3 the retained 
strengths were below the required minimum of 70 percent.
The coarse mixture had 61.9 percent retained strength and 
the fine mixture had 69.6 percent. This shows that even 
at this high density3 the cinder aggregate mixtures have 
questionable resistance to the effects of water. This 
problem of intrusion of water could be remedied in the 
field by the use of a proper seal coat.



CHAPTER 4

AGGREGATE.DEGRADATION 
: Because of the rough sutface texture of the

cinders,a considerable amount of aggregate breakdown was 
expected to occur during mixings compaction and testing.
It was noted that the fine asperities, which predominantly . 
composed.-ithe surface texture, could not withstand repeated 
transfer from pan to pan. Generally, any extensive hand
ling of the cinders produced fine red dust which evidenced 
the fact that surface attrition was occurring„ The Los 
Angeles Abrasion test is usually conducted to determine the 
durability of aggregates. The test was not conducted bn 
the cinders for two reasonsi 1) a large Volume of cinders 
was needed to meet the specified test sample weight and 
2) it was assumed that the cinders lacked sufficient 
durability to. give meaning to the test results.

A strength reduction of the asphaltic concrete in 
the field might be explained by this lack of resistance 
.to surface degradation. If high percentages of the aggre
gate in the asphaltic conerete break down, then the binder 
which resided in the pores of the aggregate will be forced 
to fthe surface. This "flushing” or "bleeding" causes 
slippery and. dangerous surfaces. Aggregate breakdown^is



a factor in the serviceable life of the pavement and should 
be considered in the analysis of cinder asphaltic concrete. 

After testing, specimens were reheated and separated 
as finely as possible for extractione The method used for 
extraction was similiar to that described in ASTM (D2127), 
Method Be Care was taken not to break the individual 
aggregate particlesa thereby introducing spurious results.
To assure as representative a sample as possible, two 
'specimens were chosen at random from those prepared at 
the asphalt content and gradation to be analyzed. The 
loose mixture was then charged into a doubled thickness 
of Number 4 filter paper which had been placed in the 
extraction cones. The solvent used was a mixture of one 
part ethyl alcohol to six parts benzene. A typical ex
traction required two and one-half hours for completion. 
After extraction, - samples were air dried and halved in a 
sample splitter. The recovered aggregate was then analyzed 
for particle size distribution. Representative results are 
shown plotted in Figure 25=

A visual inspection of the dried, recovered 
aggregate revealed considerable loss of surface asperities. 
The sieve analyses showed varying results depending upon 
initial gradation and asphalt content. Specimens compacted 
by the Hveem method using the coarse gradation were examined 
at all asphalt contents. The gradation of the recovered 
aggregate showed a general increase of fine material. '
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At the lower asphalt contentsparticle size distribution 
was generally 5 percent finer than the initial gradation.
It would appear that as the asphalt content increased, the 
degradation of the particles larger than the number 4 sieve, 
decreased. Recovered aggregate gradations for the Hveem 
Compaction at 7 and 12 percent asphalt are shown in Figure 
25° The coarse particles at the higher asphalt content 
were protected from attrition better than was the case at 
the lower asphalt content. This might be explained by the 
fact that at the higher asphalt content5 the mastic 
adhering to the coarse particles protected the surfaces 
from attrition. The material passing the number 4 sieve 
did not fair as well at the high asphalt contents.

Analysis of the effect of the Marshall impact 
compaction and testing procedures on the coarse gradation 
showed somewhat less particle degradation. No relation
ship between the amount of binder and degradation was noted. 
The Marshall method of compaction was expected to break 
down less aggregate than the Hveem method because of the 
compaction procedure. The fact that the Marshall methods 
■ produced, less degradation substantiates the fact that the 
Marshall specimens had denser aggregate gradations... This 
would explain the higher densities of the specimens.

The increase of about 5 to 8 percent material 
passing the number 4 sieve is similiar to results obtained
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on manufactured aggregates. Galliaway and Harper (I960); 
found that for expanded clay and shale, aggregates5 the . 
increase in material passing the number 4 sieve was about 
5 percent. This comparison would indicate that cinder 
durability may compare with maufactured aggregates* The 
comparison between the data obtained by Gallaway and Harper 
was felt to be significant even though a Texas Gyratory 
Compactor was used for compaction in their tests„

Static compaction showed a minimal amount of 
particle breakdown indicating less particle movement during 
compaction and a lesser compactive effort than either of 
the two methods used.

The finer mixture was not intended for a study in 
aggregate degradation. It was felt that the fineness of 
the mixture would limit breakdown to negligible amounts. 
Several extractions were performed and for all compaction 
methods some degradation was evident but not considered a 
problemo ~



' CHAPTER, 5 

CONCLUSIONS
The conclusions presented herein are drawn from the 

limited amount of data obtained« The results are considered 
representative of volcanic cinder asphaltic concrete 
behavior under laboratory conditions for the aggregate 
used.

. Specimens formed from cinder aggregates had good 
stability properties. Both the Hyeem and Marshall methods 
indicated considerably more than minimum specified values 
for the two mixtures tested. This high stability results 
from the physical characteristics of the aggregate. The 
rough surface texture of the cinder gives the mixtures high 
friction and interlock properties. High stability is a 
result of inter-particle friction and aggregate interlock. 
The tests performed indicate that stability in volcanic 
cinder mixtures would not be a problem5 provided proper 
amounts of asphalt are used.

From observation of the, mixing properties5 it is 
concluded that the fine particles have greater affinity for 
asphalt than the coarse when both are present in the mixing 
cycle. (This fact was not indicated by the values obtained 
for absorption from the CKE method.) The fine particles 
absorb . the greater quantity of asphalt while mixing.- ' The



mastic formed by the fine particles and the asphalt5 then 
agglomerates to the coarse particles, filling the surface 
pores o This property of the aggregate whs assumed to be 
the reason why the cinder mixture stability was generally 
unaffected by Increasing asphalt content up to 13 percent« 
This behavior might produce suitable field mixtures at 
lower asphalt contents, if the mixing time in the pug mill 
of the hot plant were increased. An alternative to this 
might be the use of a softer asphalt which would make the 
mastic more workable. 1

The Hveem methods, of compaction and testing were 
considered to be indicative of the cinder mixture properties» 
The Marshall' method was sensitive to asphalt content. The 
Hveem method shows that aggregate friction was generally 
unaffected over the range tested which is supported by the 
observed mixing characteristics. It would be predicted 
that the Hveem method would indicate a decrease in stability 
at 1|-percent asphalt. This would follow from the fact 
that the Marshall data indicated a change in the physical 
properties of the mixture at 14 percent.

• The Hveem method is considered to produce densities 
which are more similiar to field conditions than does the 
Marshall, since the field, compaction is also accomplished 
by a kneading action. The fact: that the Marshall method 
produced greater density shows only that the mastic covered 
aggregate was more resistant to impact loads. The anomoly



that even though the aggregate was not degraded and still 
produced higher density is .explained by the fact (as pre
viously stated) that the gradation of the aggregate in the 
coarse mixture was close to Fuller5 s maximum density 
gradation before compaction. Therefore5 any degradation 
would tend to produce less, dense aggregate gradations and 
lower densities.

For these reasons5 it is concluded that the Hveem 
methods are the most efficient in evaluation of the proper
ties of volcanic cinder asphaltic concrete mixtures.

The static method of compaction was included to 
demonstrate a simple field method of preparing specimens 
for laboratory testing. With the proper amount of eval
uation, a suitable method of correlating static specimen 
properties with those of Hveem specimens might be 
established.

Cinder aggregate degradation properties compared 
favorably with manufactured lightweight aggregates.
Extensive breakdown of the coarse particles could be con
sidered a problem. The data indicated that at higher 
asphalt contents the degradation generally occurred in the 
particles passing the Number 4 sieve. The void contents 
of compacted mixtures were high enough at 13 percent asphalt 
to prevent "flushing” due to this breakdown. It is con
cluded that with sufficient asphalt to protect the coarse 
aggregate, degradation would not be a problem.
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Normal void criteria are not applicable to light

weight cinder mixtures. Mixture designs must be estab
lished on stability and cohesion and care must be taken in. 
the evaluation of a suitable void content.

By itself5 the Immersion Compression test may not 
be suited for evaluating the resistance of cinder mixtures 
to the effects of water. The high compaction pressure 
produces specimens with very high densities and smooth 
surfacesd This would cause specimens to indicate higher 
percentages of retained strength than would be expected. 
Regardless of this fact5 both the mixtures tested had 
questionable resistance to the effects of water. In 
Northern Arizona<> where these cinder mixtures are used, this 
permeability to moisture may be the main factor in poor 
durability. The pavements, are probably more permeable than 
indicated by the Immersion Compression test. This fact 
coupled with the high rainfall and harsh winters in the 
area indicate that the main problem may or may not be 
remedied with proper field application of prime arid seal 
coats. These sealing coats may help to protect the per
meable pavement from moisture.
■ The conclusions herein presented are based on lab
oratory data. Considerable field testing should be conducted 
before design criteria for volcanic cinder asphaltic concrete 
■ are determined. . >



APPENDIX A

TABULATED RESULTS
Table 1„ Aggregate and Mixture Gradations

PERCENT PASSING __________ :
Aggregate .•Aggregate Specifications

Sieve aS received Blends ; m B  1/2 asTm '
Size Coarse Fine Coarse Fine Coarse Fine DI663
3/4 " 100 100 100 100 100 100 100
1/2" / 79 100 90 94 90-100 90-100 90-100
3/8" 56 100 78 87 70-100 70-100
No. 4 9 94 52 69 45-70
No. 8 3 80 42 57 25-55 35-65 25-55
No. l6 3 66 34 47
No. 30 2 53 28 38
NoV 30 2 35 18 25

f

Noi 100 2 17 8 12
No. 200 1 6 4 4 ' 2-8 2-10 2-8

60
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Table 2e Mixture Characteristics-Marshall ■
Compactions 50 Blows

Asphalt Content 9 10 11 12 13 14
Coarse Mixture 1 .■
Densitys gm/c.c 1 = 59 1 = 64 1=68 1 = 69 1»71 1 = 77
Void Contents % 24.8 20.7 16.8 13.6 10.3 3=9
Voids Min. Agg.s^: 38.7 36.9 35.0 34.2 32.4 26.5
Voids Filleds % 36.0 44.0. 53.7 60.3 68.3 85.3
Stabilitys lb. 2670 2895 3060 3113 3202 3179
Flows 0.01" . 12 11 13 11 14 IS
Fine Mixture
Density3 gm/cc 1.6l I.63 1.67 . I.65 1.71 1.73
Void Contents ^ 26.5 26.5 20.3 19.7 l6.0 14.0
Voids: Min. Agg = s^ ,41.0 39.6 . 38.5 39.2 37.4 37,3
Voids Filleds <fo 36.4 33.3 47.3 49.8 57.3 62.6
Stabilitys lb. 2884 3057 3074 3000 3213 3168
Flows 0.01" 10 7> 11 11 13 14
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Table 3® Mixture Charadeteristlcs-Hveera Compaction

Asphalt Content 8 9 10 11 12
Coarse Mixture •
Density5 gm/cc 1.59 1.60 1.63 I066 1.6f
Void Content5 % 26.3 24.3 21.7 17®8 14.7
Voids Min „■ Agg = 5 % 42 0 3 41.3 39 0 7 38.9 38.1
Voids Filleds % 37.8 41.3 45® 4 54.3 61.4
Stabilitys % 48 45 52 54 49
Cohesion 108 130 ISO 180 135
Fine Mixture
Density3 gm/cc 1.60 1.60 I.61 1.63 1.6?
Void Contents % 29.4 27.1 24.0 22.0 18.4
Voids Min0 Agg.3̂ 42.1 41.3 40.4 40.0 38.3
Voids Filled3 % 30.2 34.4 40.0 45.0 52.0
Stability, ^ 51 51 49 49 ' 52
Cohesion 108 111 109 110 122



.Table Mixture Characteristics-Static Cdmpaetion

Mixture Coarse Fine
Asphalt Content5 % .9 10 11 9 10 U
Density 1.58 1.60 1.63 1.50 1.52 115J
Void Content5 $ 28.0 25.0 22.2 32,1 28.2 26.5
Voids Min. Agg  ̂s% .36.5 36.3 37-0 45.0 43-6 43-4
Voids Filled 23-3 31-2 40.0 28.7 35-3 39-0
Stabilitys ^ 28 28 28 25 25 27
Cohesion 65 55 66 48 62 50

Table 5« Immersion Compression Data-10 Percent Asphalt

Mixture V Density , Retained Strength- . Percent
Coarse 1.78 61.9
Fine 1.77 . 69«6
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Rice* James Mo* "Maximum Specific Gravity of Bituminous
Mixtures by Vacuum Saturation Procedure"* Special 

: \.Technical Publication Wp» 191* American.Society for'
.Tesfing: WdTEaterials* 19361 " . .

Province* Robert Jo* ."The Use of Lightweight Aggregate in
A  » » i x  <-•> *1 1 -  - t  -va oxv mrt, /"X /O i —. fX you ^-y 1 /7 4 ?  "tj* ”«'• IS 1 0^1 #*"»■ ^  •Asphaltic Concrete for Surface Coarse Mixtures *A Report Submitted to the Graduate School of the 
Agricultural and Mechanical College of Texas* 1963

64



Rosss A, M. and K. K0 Kienows 11 Arizona Volcanic CinderConcrete A Comparative Study”5 Engineering Experiment Station5 The University of Arizon&s Bulletin
No; $s 1959.

The Asphalt Institutes "Mix Design Methods for Asphalt 
Concrete and Other Hoi-Mix Types"s Manual MS-25

; 1963.' ■


