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ABSTRACT 

In this report a relationship is established between 

the variables of compaction temperature, compaction effort, 

mixture gradation and, density, air void content and 

stability of asphalt mixtures. Preparation of all the 

specimens and testing were performed in the Asphalt 

Laboratory of The University of Arizona, Civil Engineering 

Department. The Marshall method of mix design was used 

because of its world wide usage for proportioning of the 

mixtures. For the preparation of the specimens The Vibratory 

Kneading Compactor was utilized because of its ability to 

simulate the field compaction in the laboratory by providing 

three dimensional movement to the mix during the compaction 

process. 

Tabulated and plotted values of the experimental 

results include Marshall Stability and flow values and 

density-air void analysis. Densities, Voids in the mineral 

aggregates (VMA), and air voids of 4 and 6 inchs specimens 

were compared, and the results were found to be following 

the same trends. It was found that the densities increased 

ix 
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with increase of compaction temperatures for fine graded mix 

at low and medium compaction efforts. For the same mix, at 

high compaction effort the densities increased as 

temperature increased from 250 to 285 degrees F but further 

increase in temperature to 325 degrees F caused a decrease 

in density. 

From selected sets of 6-inch specimens, 4-inch cores 

were obtained. Density and stability studies were carried 

out on these cores and the results obtained were found to 

have the same trends as those for the 6-inch specimens. 

The air void content and voids in the mineral 

aggregates decreased with the increase of compaction effort, 

because air voids and VMA are inversely proportional to 

density. Stability increased with the increase in density. 

All the results found, indicate strong effects of compaction 

temperature and compactive effort on the amount of air 

voids, VMA, density, and stability of the mixes used. 



CHAPTER 1 

INTRODUCTION 

Due to the evergrowing volume of motorized vehicles on 

the roadways, the need of building better roads is becoming 

greater every day. Diversified design and construction 

methods are being tested in order to build economical 

pavements which would satisfy the standards of stability and 

durability as laid down by the specifications. Along with 

attaining these standards a roadway should provide safe, 

smooth and non skid surface. 

The factors affecting the various mix properties are 

diversified, therefore; to have a good design all these 

factors should be taken into consideration in the design and' 

construction. A great number of studies are being pursued in 

the field of mix design procedures, to predict the mix 

behavior under different conditions of design, construction, 

traffic loadings, and environment. In this respect it is 

very essential to have the necessary knowledge of how a 

particular mix would behave under different compactive 

efforts, and compaction temperatures. 

1 



In a mix design for a pavement surface,the load 

carrying capacity is mainly dependent on the mineral 

aggregates. The bituminous binder imparts cohisiveness to 

the mix and helps in the development of the tensile 

strength. Also the asphalt improves plasticity of the mix, 

and waterproofs the entire structure. An asphalt pavement 

mixture is considered satisfactory only if it is stable and 

durable under the traffic loadings. A carefully designed mix 

can not achieve these standards unless or until it is well 

compacted. 

A thorough compaction of the mix causes displacement 

and reorientation of the aggregate particles in a manner to 

achieve better interlock of the particles held together by 

the asphalt binder. This develops stability in the mix. The 

voids left in the asphaltic concrete mixture serve as 

reservoirs to accomodate any increase in volume of asphalt 

during the hot summer temperatures. The voids are reduced by 

further densification of mix under traffic loads. 

Stability which is a measure of resistance of a mix to 

displacement or deformation is a property of primary 

importance in relation to resistance of the mixture to the 

destructive effects of traffic. It is largely dependent on 

gradation, shape and surface texture of the aggregates, the 
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percent of bitumen present in the mix and the degree of 

compaction of the pavement. 

A pavement which has not been adequately compacted 

during construction will rut or groove due to the 

channelized traffic. However; if the void content becomes 

less than a critical end value, the asphalt will expand in 

the heat and so the pavement will flush and thus will become 

unstable. This critical end value is dependent on the mix 

type and the thermal expansion of the asphalt used. Most of 

the constructed pavements have appreciable variation in 

their void contents, which could range from about 3 percent 

in an old heavily trafficked pavement to about 20-30 percent 

in an improperly designed and/or compacted new pavement,[6]. 

Compaction can be categorized into three principal 

types: 

a) Construction compaction. This is sufficient 

densification of mixture to permit the subsequent use 

of pavement without damage. 

b) Traffic compaction. The compaction after 

construction resulting from the exposure of pavement to 

traffic loads. 

c) Laboratory compaction. This represent an effort to 

simulate the effect of one or both of the preceding. 



The air voids present in the mix are dependent on the 

degree of density achieved. Therefore voids will be 

different for different compactive efforts used in a same 

type of mix. Higher density will result in lower voids and 

vice versa. 

Service life of the pavement also depends on the amount 

of bitumen present in the mix. It coats the aggregates 

particles providing cohesive bond. Thicker films resulting 

from high asphalt content are more resistant to hardening. 

Asphalt fills up the voids in the mix and makes it 

impervious to air and water. Also due to its plasticity, 

asphalt binder imparts tensile strength to the mix which 

helps to resist tractive and abrasive forces of traffic. 

On the other hand less asphalt content results in high air 

voids. These voids tend to interconnect and form capillaries 

making the mix permeable to air and water. Air and water 

both have oxygen, which oxidises the asphalt resulting in 

hard and brittle pavements with loss of flexibility, 117]. 

Water entering the pavement structure also develops pore 

water pressure and due to the pumping action of traffic 

loads the particles will be dislodged and disintegration of 

the pavement would take place. 



This study was undertaken to investigate the effects of 

different compactive efforts, compaction temperatures, and 

mixture gradations on density,air voids, voids in the 

mineral aggregates, and stability of asphalt concrete 

mixtures. Proportioning of the mix was based on the Marshall 

method and Vibratory Kneading Compaction was employed to 

closely simulate field compaction. Variables used for this 

study were : 

a) Gradation of aggregates. 

b) Compaction temperatures. 

c) Compactive efforts. 

Three aggregate blends were selected as coarse, medium 

and fine mixes corresponding to Ill-b, IV-b,and V-b of the 

Asphalt Institute, [23. Compaction temperatures employed 

were 250°F, 285°F and 325°F. The compactive efforts as used 

by Vibratory Kneading Compactor were converted to compaction 

ratios (CR) of 0.26, 0.82, and 1.18 for 4-inch specimens, 

and 0.11, 0.37, and 0.53 for 6-inch specimens, corresponding 

to low, medium and high compaction efforts respectively. 

Design asphalt contents used were 5.0, 5.5, and 5.5 

percent by weight of the total mix for the coarse, medium 

and fine mixes respectively. Flow values of the test 

specimens were also measured. As flow is almost entirely 

dependent on the binder content and to a minor degree on the 



other mix variables which exert a substantial influence on 

stability density, VMA and air void content therefore, the 

flow values are not discussed in this study. Experimental 

results for all test specimens include density-air voids 

analysis, Marshall stability and VMA values, which are 

tabulated and shown in the manuscript. 



CHAPTER 2 

REVIEW OF LITERATURE 

For an asphalt pavement to behave satisfactorily, 

proper density has to be achieved. Density, the measurement 

of compaction/ is affected by a wide range of variables and 

is a phase of utmost importance for the designer. Compaction 

is defined as the act of compressing a given volume of a 

material into a smaller volume where as density is defined 

as the degree of solidity that can be achieved in a given 

mixture, [153. Compaction is employed in the field in order 

to develop the most desirable characteristics of the 

pavement. 

In a good mix design the materials' used and their 

compaction are the basic factors. For example a mix having 

rough surface textured aggregate will provide the best 

quality mix but it will be difficult to compact because of 

greater resistance offered to compaction due to the 

roughness of the particles. Compaction increases the 

intimate contact of the aggregate particles in the mix 

which makes the mix more stable and resistant against shear 



deformation. A well compacted mix has less voids so degree 

of permeability is low. 

Viscosity of the asphalt used is very critical 

specially during the time of compaction. Viscosity is 

dependent not only on the grade of the asphalt selected but 

also on thfe temperature during compaction. Compaction is 

also influenced largely by the relationship of viscosity of 

asphalt to the surface texture of aggregates and the effect 

of weather conditions, materials used, and the thickness of 

the placed layer. Asphalt mix placed in thick layers retain 

heat for a longer period of time thus facilitating a better 

compaction. 

A mixture becomes difficult to compact when the 

temperature becomes low. This is basically due to the fact 

that lower temperature result in higher viscosities in the 

asphalt. This increases the resistance to movement of the 

aggregate particles, on the other hand the increase of 

temperature at the time of compaction leads to a better 

compaction as the viscosity is decreased and the mix becomes 

more workable, Figure 1, C15]. This is true to a certain 

temperature. Further increase beyond this temperature would 

reduce the asphalt viscosity so much that the asphalt will 

lose its bonding characteristics. Therefore instead of 

coating the aggregates it will drain under gravity and will 
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result in decrease of density. The asphalts which are less 

viscous can be compacted satisfactorily at a lower 

temperature than those having more viscosity. 

140 
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FIGURE 1:DENSITY INCREASES WITH BREAKDOWN TEMPERATURE 

IN UNDERSTRESSED MIXES.t15] 
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In a research project of Washington State Department 

of Highways [143 it was concluded that: 

1) Increased density is achieved more efficiently when 

compaction is completed at temperature above 200°F. 

2) Thicker lifts retain heat for longer periods 

providing more time during which compaction effort is 

most beneficial. 

If the mix is not properly compacted the voids in the 

mix tend to be interconnected. These voids permits the 

intrusion of air and water throughout the pavement. Air and 

water both carry oxygen which oxidizes the asphalt binder in 

the mix. Thus making it brittle, and the pavement itself 

will ultimately fail as it would no longer withstand the 

repeated deflections of traffic loads. Marker, [15], has 

also attributed the phenomenon of ravelling to the same 

reason. In cold weather, the water present in these 

capillaries freeze, and can also cause an early failure due 

to the expansion of freezing water.. On the other hand 100% 

field compaction is also undesirable in an asphalt pavement. 

The desired as-constructed void content is different for 

different mixes and is dependent on the gradation of the 

mix. Pavements with voids less than desired as-constructed 

void content will flush and so will become unstable. An 

allowance in as-constructed void content should be made to 



accomodate further reduction of voids under traffic and 

thermal expansion of the asphalt during hot seasons. 

According to Bell and Hicks [4], in order to perform 

satisfactorily, an asphalt concrete mixture should have 

several properties; the most important of which are: 

1) Stiffness, 

2) Fatigue resistance, 

3) Pavement deformation resistance, 

4) Durability. 

Compaction is the most vital requirement in achieving 

high levels of the four properties listed above. Proper 

compaction of the asphalt concrete mixture is essential for 

the following main reasons: 

1) To prevent further significant densification under 

traffic, 

2) to provide adequate shear strength to the pavement 

to resist shear deformations, 

3) to make the asphalt mixture essentially water proof, 

and, 

4) to prevent excessive oxidation of the asphalt binder 

resulting in subsequent raveling and cracking. 
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The traffic loads further densify the asphalt concrete 

and increase the strength characteristics, however if the 

traffic is channelized this densification may form ruts in 

the pavement, which is quite undesirable. Initial 

satisfactory compaction will minimize the depths of these 

ruts. On the other hand low initial compaction will result 

in lower stability. In such case although traffic may 

increase the density but if the initial density is too low, 

the traffic loads may exceed the shear strength of the 

mixture and cause an early failure. The mix should not only 

be fluid enough to be workable but also stiff enough to 

support the weight of the compaction equipment without 

checking, or shoving. 

Stiffness or the resilient modulus of an asphalt 

concrete mix is described by Bell and Hicks by the equation: 

E = f (T, f, c) 2.1 

where: E = modulus, 

T = temperature 

f = frequency of loading, and 

c = the composition of the mix. 

Such relationships have been established by researchers 

from Shell and the Asphalt Institute and are used to 

establish moduli for use in their respective analytically 

based pavement design methods [4]. In each of these 



procedures the calculations are mostly sensitive to the air 

void content in the mixture, which is a measure of the level 

of compaction. The changes in void content are largely 

dependent on mix design, compaction procedures used, and 

temperature control of the mix, during mixing, and placing. 

Table 1, [4] show the moduli calculated by using the Shell 

method. It can be seen from the table that the modulus 

decreased by more than a factor of two as the compaction 

rating changed from excellent to poor. This shows that in 

order for the pavement to have proper stiffness good 

compaction control should be maintained. 

Compaction Rating Voids Content, % Resilient Modulus. MPa 

Excellent 4 3370 
Good 8 2060 
Poor 12 1430 

NOTE: Asphalt grade: AR-4000, asphalt content: 6%, and temperature: 18°C. 
"Calculated by the Shell procedure 

TABLE 1: EFFECT OF COMPACTION ON ASPHALT CONCRETE 

MODULUS.C4] 

In case of fatigue, Pell [16] emphasized that the most 

important variables influencing fatigue are binder content 

and void content. Similar suggestions were made by Brown and 
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Bell [5] about the relationship between permanent 

deformation of asphalt concrete mixes and the void content 

in a given type of mix. In terms of ultimate durability the 

air void content or density of the mix is probably the 

single most important characteristic of performance under 

traffic,[73. Pavement durability has a distinct relationship 

with air voids, as shown in figure 2,[15], 

Sfobillty 
Cohtiien 

Zont of 
Highest 
Ourobility 

% Air Voids in Povomont 

FIGURE 2: PAVEMENT DURABILITY VS. AIR VOIDS, [153. 

Brown and Bell [53 also pointed out that one of the 

primary functions of asphaltic concrete layer is to protect 

the underlaying pavement layers from the adverse effects of 

water. The permeability of an asphalt mixture essentially 

doubles for 1 percent reduction in density. According to 
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this study as long as the amount of voids in the asphalt 

mixture are kept 7 percent or less, the asphalt mixture is 

essentially waterproof. 

During 1974 through 1977,  premature distress in the 

form of loss of fines (matrix) and ravelling (loss of 

aggregates particles larger than (1/4 inch) was observed in 

Pennsylvania [11]. Statistical analysis of data from these 

projects indicated that in order to prevent premature 

distress in the pavement the percent compaction just after 

the construction should be at least 92 percent of the 

maximum specific gravity of the mix. Lack of adequate 

compaction resulting in high air void content was the 

primary cause of the premature distress. In the study the 

inadequate compaction was attributed to one or more of the 

following factors: 

1) Late season construction : Taking into account the 

severity of weather in Pennsylvania. Decrease in the 

ambient temperature reduced the time allowed for the 

compaction rapidly. This was specially critical for 

thinner mats (1.0 inch) used in all projects except 

two. 

2) Inadequate or delayed compactive effort: The cause 

for this was poor or inconsistent compaction procedures 

or both. 
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3) Excessive minus 200 material : Excessive fines 

present in the mix tend to increase the apparent 

viscosity of the asphalt thus making the mixture 

difficult to place and compact [113. 

According to Kandhal and Koehler [11], if the air void 

content is maintained below 8 percent, the premature 

ravelling problem can be eliminated. A similar effect of 

compaction was shown on the performance and fatigue life of 

asphalt pavements, by a study completed by Oregon State 

Highways Department and Oregon State University [43. It was 

found that the fatigue lives corresponding to highest levels 

of compaction efforts were much higher than the ones 

corresponding to lower compaction efforts. 

Traffic densification results in an increase in the 

volume of mineral aggregates which consequently improves the 

strength of the asphalt mix by increasing the component of 

its frictional resistance. This is true as long as the voids 

do not reach their critical end value. Beyond this end 

value, further traffic densification, leads to significant 

loss in the component of frictional resistance. This lowers 

the stiffness values and increases excessive permanent 

deformation. This critical end value depends on the 

gradation of the aggregate particles. 
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In order to produce a finished pavement meeting 

acceptable criteria for smoothness/ void content, resistance 

to air flow and appearance, proper compactive effort and mix 

design should be practiced. Pavement achieving such a degree 

of compaction for particular mix is said to have reached 

optimum density. The advantage of higher densities and lower 

air permeabilities in asphalt concrete pavement are longer 

service life and less maintenance. 

Even if an asphalt concrete mix is designed properly it 

will not be resistant to deformation and will not be durable 

unless it is properly compacted during the time of 

construction. And so it can be concluded that the proper 

placement and compaction of an asphalt mixture are two of 

the main ingredients in producing a durable long-life 

pavement. 

The objectives of this study were to find the most 

suitable compaction temperature and compaction effort to 

achieve best compaction of an asphalt concrete mix. 



CHAPTER 3 

MATERIALS AND THEIR PROPERTIES 

In this study, densities of different asphaltic 

mixtures were obtained for different compaction temperatures 

and compaction efforts by using the Vibratory Kneading 

Compactor. An EXPERIMENTAL PLAN was established, as shown in 

figure 3. This program consisted of two major groups. One 

group consisted of specimens having 4-inch diameter and the 

other group of specimens having 6-inch diameter. Each of 

these groups had twelve specimen sets (three replicates of 

each); giving a total of 81 specimens per group. The height 

of the specimens was maintained at 2.5 ± 0.125 inch. 

Aggregates and Asphaltic Concrete 

Four different types of aggregates were brought from 

Tanner Company at Tucson Arizona consisting of: 

a) coarse 1/2" aggregates. 

b) coarse 3/8" aggregates. 

18 
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c) fine (washed) aggregates. 

d) fine (dirty) aggregates. 

The particle size distribution of each type of the 

aggregates was determined by wet sieve analysis in 

accordance with AASHTO Test method T-30 [13. The aggregate 

gradations is given in Table 2. These aggregates were mixed 

together in different proportions to get three aggregate 

blends namely Illb, IVb, and Vb (as designated by the 

Asphalt Institute, t23). Table 3 shows the actual percent 

passing by weight, of the aggregates used in the blends. 

Mineral Filler 

Portland cement was selected as the mineral filler for 

the mix since it has particle size distribution well below 

#200 sieve and its main usage was to decrease the voids in 

the mixture. Cement filler used was 2 percent by weight. 

Asphalt Cement 

In this study asphalt cement of AC-20 viscosity grade 

was used. The Arizona Department of Transportation (ADOT) 

[18 3 specifications of this asphalt are shown in table 4. 



TABLE 2 

Gradations of Aggregates 
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Sieve size 

coarse 

1/2" 

Aggregate Type 

coarse Fine Fine 

3/8" (ciean) (dirty) 

% PASSING BY WEIGHT 

3/4" 

1 / 2 "  

3/8" 

# 4 

# 8 

# 16 

# 30 

# 50 

# 100 

# 200 

1 0 0 . 0 0  

80.46 

11 .42 

1. 17 

1.17 

1 .17 

1 .17 

1 . 14 

1 .14 

1  . 0 6  

1 0 0 . 0 0  

92.75 

8. 50 

2.34 

2.30 

2.23 

2 . 1 2  

2.19 

2 .  1 6  

1 0 0 . 0 0  

97I96 

64.00 

31 .96 

11 .38 

2.76 

1.38 

0.97 

1 0 0 . 0 0  

96.87 

8 2 . 1 2  

62.41 

43.37 

26.96 

24.17 

11.5 
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TABLE 3 

GRADATIONS FOR AGGREGATE BLENDS 

Sieve size Aggregate Mix Type 

Coarse Illb Medium IVb Fine Vb 

Total % passing by weight. 

3/4" 100 100 

1/2" 94 98 100 

3/8" 71 89 97 

# 4 42 58 80 

# 8 31 44 63 

#  16  20  -  46  

# 30 13 20 31 

# 50 8 13 20 

# 100 8 12 18 

# 200 5 7 10 
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TABLE 4 

ADOT Specifications of AC-20.C183 

Item VALUE 

Viscosity, 140°F, poise i 2000-400 

Viscosity, 275°F, centistokes, minimum 210 

Penetration, 77°F, 100 gms, 5 sec, 0.1 mm, 

minimum. 60 

Flash point, Pensky-Martens closed tester, I 

°F, min : 450 

Solubility in Trichloroethylene, percent, minimum I 99 

Ductility, 77°F, centimeters, min I 75 



Chapter 4 

SPECIMEN PREPARATION AND TEST PROCEDURE 

The specimens were prepared on the basis of Marshall method 

of mix design. The aggregates were mixed together in 

different proportions in order to get gradations which gave 

the three different blends. 

Mixture Design 

In this study Marshall Method of mix design was 

employed for its world wide usage. After choosing the 

aggregates gradations the next step was to established the 

range of the asphalt contents to be used. 

A procedure developed by Jimenez [9] was used. It is a 

computer program in which the mixture is viewed with the 

potential of having certain properties approaching those of 

the pavement surface after it has been in service for a 

period of 4 - 6 years. 

24 
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APPENDIX A contains copies of the printout of the 

program written by Jimenez showing the total asphalt content 

by weight of the mixture, VMA, surface area and the asphalt 

film thickness that corresponds to variable percentages of 

air voids. The required material values are listed as under: 

1) Gradation 

2) Agg. E.S.G = 2.591, 2.608 &, 2.580. for Illb, IVb, 

& Vb mixes respectively. (found) 

3) Asp. S.G = 1.018 (known) 

4) Asphalt absorption value = 0.6 (assumed) 

According to Jimenez [9], the VMA of the aggregates is 

calculated using the procedure described by Hudson and Davis 

[8]. The surface area of the blend is calculated by using 

the California surface area factors [3] and the film 

thickness is calculated using the effective asphalt content. 

A general concept in the design of paving mixture is to use 

as much asphalt as possible without undue loss of stability. 

Therefore, the asphalt contents used as base for laboratory 

evaluation were as follows: 

1) For coarse mix : 5.7 percent, which corresponds to 

about 3 percent air voids and 11.5 microns asphalt 

film thickness, which is between the recommended 

value of 6-12 microns. 
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2) For medium mix : 5.6 percent asphalt which 

corresponds to about 3 percent air voids and 8 

microns asphalt films thickness which is within the 

recommended values. 

3) For fine mix : 6 percent asphalt which corresponds 

to about 3 percent air voids and 6 microns asphalt film 

thickness. 

Mixing 

Weights of asphalt for different asphalt contents and 

aggregates batch weights were calculated and used. Weighed 

batches of aggregate blends were heated in forced draft oven 

at a temperature of 285°F and the asphalt AC-20 was heated 

in another oven at a temperature of 275°F. Both of these 

temperatures were kept constant for the mix preparation.When 

the asphalt and the aggregates reached the desired mixing 

temperatures, they were transferred into preheated mixing 

bowl and tared on a beam balance. Then the required amount 

of asphalt by weight was poured onto the aggregates and 

mixed by means of a mechanical mixer (photograph 2, APPENDIX 

B). For uniform mixing, time allowed was 1.5 - 2.0 minutes. 

Observations showed that this time was sufficient to coat 

the aggregates uniformly with asphalt. After this the mix 
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was divided into batches of 1200 grams each for the 4-inch 

diameter specimens and 2700 grams each for the 6-inch 

diameter specimens. They were placed in brown paper bags and 

were sealed for storage. 

Loose Mixture Specific Gravity 

In designing a paving mixture for a roadway the maximum 

specific gravities at different asphalt contents are needed 

to calculate the percentage air voids for each asphalt 

content used. Maximum specific gravities for all the three 

different types of mixes was found by using the standard 

test procedures outlined in AASHTO T-209 [13. This is also 

known as Rice specific gravity or the voidless density, 

presented in Table 5. 

TABLE 5 

MIX BLENDS SPECIFIC GRAVITIES 

Mix type % Asp Rice SG Eff SG 

Coarse Illb 

Medium IVb 

Fine Vb 

5.0 

5.5 

5.5 

2.405 

2.402 

2.379 

2.591 

2.608 

2.580 
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Before the time for compaction, the mix was put into 

small pans and was placed in forced draft oven along with 

the compaction molds. These samples were then heated to the 

desired compaction temperatures ± 5°F. As soon as the mix 

reached the desired compaction temperature, the mix and the 

mold were taken out. A paper disc was placed in the mold and 

the mix was placed on it in one layer. For this purpose a 

bent spoon was used to eliminate the segregation problem 

during placement. Spatula was moved between the mix and the 

walls of the mold in order to minimize honey combing on the 

specimen sides. The mix was then rammed by the ramming rod 

for 25 blows, 15 at the periphery and 10 in the middle. With 

the help of a bent spoon the surface was made slightly 

rounded on the top and another paper disc was placed on the 

top of the mix. The mix was now ready for compaction. This 

preparation of specimen, after the mix and the molds were 

taken out of the oven, was done as quickly as possible to 

ensure minimum loss of heat before compaction. 
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Compaction Method 

The specimens were compacted with Vibratory Kneading 

compactor at 1° tilt, to get three dimensional effect. 

After the desired compaction the specimens were placed at 0° 

tilt and were levelled for thirty seconds. 1200 RPM were 

used for all the specimens. The compaction included three 

different levels of energy by varying disc loads and times 

of compaction. 

In case of 4-inch specimens Compaction Ratios 

calculated were 0.26, 0.82, and 1.18 for Low, Medium, and 

High Compaction efforts respectively. And in the case of 

6-inch specimens the Compaction Ratios calculated were 0.11, 

0.37, and 0.53 corresponding to Low, Medium, and High 

Compaction Efforts respectively. 

Based on values from the computer program, design 

asphalt contents for the labratory specimens were 

established through a series of specimens prepared for 

density measurements. For all the mix blends, sets of three 

test specimens were prepared, 4 inch diameter and 2.5 inch 

high, for five different asphalt contents ranging from 4.5 -

6.5 percent by weight with 0.5 percent increments. The 

specimens were compacted on the Vibratory Kneading 
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Compactor/ (Photograph 1 APPENDIX B), with standard loading 

< 4 steel- discs exerting the force for 2.5 minutes at 250 

deg. F compaction temperature), designated Compaction Ratio 

<CR) value of 1.0. Marshall curves, (Figure 4), were plotted 

and the design asphalt contents found were as under: 

For i) coarse mix = 5.0% 

ii) medium mix = 5.5% 

iii) fine mix = 5.5% 

( For table see Appendix A) 

Since the values of Design Asphalt Content are based on 

actual laboratory testing therefore these values are used in 

this study instead of the values obtained from the Computer 

Program. 
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Density VMA and AV Determination 

After the compaction, all specimens were extruded from 

the molds using a jack. Then they were placed at room 

temperature (77°F) to cool down for 24 hours. Then the 

heights of the specimens were measured and their weight in 

air and water were taken. Later SSD weights were taken, and 

their respective densities were calculated. From this, 

percent void content and percent VMA were calculated by the 

following formuli: 

% AV = ( 1 - T /MTSG ) x 100 4.2 

%VMA = 100 - <% Agg x "V ) / ESG 4.3 

Testing Method 

The specimens were tested on the Marshall Stability and 

Flow test machine, (Photograph 3, APPENDIX B), in accordance 

to AASHTO test method T-245 [13. All the 4-inch diameter 

specimens were tested for Marshall Stability one day after 

their compaction. Specimens were heated in water bath at 

140°F ± 1.8°F (60°C ± 1°C) for a period of 30 to 40 minutes, 

and were then placed in the lower testing head. The upper 

testing head was placed on top of the specimen and the flow 

meter was placed over the guide rod and was zeroed. The 
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guiding rods were lubricated with oil to ensure free 

movement. Then the load was applied to the specimen until 

the failure occurred. The maximum reading noted at the time 

of failure gave the stability value. The flow meter was 

removed as soon as the load started to decrease. The reading 

on the flow meter showing the specimen deformation was read 

as flow. 

Cores of 4-inch diameter were cut from 6-inch diameter 

specimens. These cores were tested for stability. Only 

selected sets of specimens were cored and tested in order to 

observe the comparison of density and stability between 4 

inch and 6 inchs diameter specimens. The specimens were 

cored from: 

1) Fine mix at 285°F, Med CE (CR = 0.37) 

2) Medium mix at 285°F, Low CE (CR = 0..11) 

Medium mix at 285°F, Med CE (CR = 0.37) 

Medium mix at 285°F, High CE (CR = 0.53) 

3) Coarse Mix at 285°F, Medium CE (CR =0.37) 



CHAPTER 5 

TEST RESULTS AND DISCUSSION 

Density, air voids calculations were made and stability 

tests were conducted for all possible combinations of these 

variables. The graphs establishing relationships and 

discussion is presented in this chapter in sections, 

entitled s 

a) Effects of compaction temperature. 

b) Effects of compaction effort. 

c) Effects of type of mix. 

Effects of Compaction Temperatures 

According to Santucci and Schmidt [17] an increase in 

temperature during the compaction process leads to a better 

compaction, as the increase of temperature reduces the 

viscosity of asphalt and the mix becomes more workable. The 

study presented in this manuscript agrees with the findings 

of Santucci and Schmidt upto a certain temperature. Further 

increase in temperature reduces the viscosity of asphalt, 

and so reduces the cohisive bondage. Due to this asphalt is 

34 
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unable to hold the aggregates properly, therefore; density 

is reduced. This temperature is dependent on the type and 

grade of asphalt used. 

In this study the effects of compaction temperature on 

the properties of asphaltic concrete mixtures was studied 

over three different compaction temperatures of 250°, 285° 

and 325° F. Density and stability graphs illustrate the 

changes that took place in the mix properties as the 

compaction temperature, compaction effort, and the mix 

gradations. Lower compaction temperature resulted in higher 

asphalt viscosity which offer more resistance to movement. 

Higher viscosities lead to lower workability and 

consequwently resulted in lower densities, and higher air 

void values. 

Temperature Effects on 4" specimens: 

With fine mix the density of the mix increased with the 

increase of temperature and so the air voids decreased. This 

decrease was more prominent from 250°F to 285°F than from 

285°F to 325°F. In medium mix the AV decreased with the 

increase of temperature from 250°F to 285°F but increased 

when the temperature was further increased from 285°F to 

325 deg. F. The general trend followed, was the same as for 

the fine mix. In the coarse mix the density AV change 
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followed the same trend as medium mix but increase of 

temperature to 325°F decreased the density values even lower 

than the ones achieved at 250°F. Also the increase in 

density with change of temperature from 285°F to 325°F was 

not very significant. 

Temperature Effects on 6" specimens: 

The density values followed exactly the same trend for 

the 4" specimens, but in general the density values for 6" 

specimens were lower than those for 4" specimens. This can 

be attributed to the difference in volume which is less in 

case of 4 inch than in 6-inch mold. The compacting force is 

distributed over a larger volume in 6-inch specimens 

therefore the force acting per unit volume becomes less, 

thus leading to a lower density. 

Viscosity of the asphalt used is very critical 

specially during the time of compaction. This viscosity, in 

turn is dependent not only on the grade of the asphalt 

selected but also on the temperature during compaction. A 

mixture becomes difficult to compact when the temperature 

becomes low. This is basically due to the fact that lower 

temperatures result in higher viscosities in the asphalt 

which increases the resistance to movement of the aggregates 

particles. The opposite of this is also true, that is the 

increase of temperature at the time of compaction decreases 
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the asphalt viscosity, thus making the mix more workable by 

producing a better distribution of the asphalt and creating 

thinner films connecting the aggregate particals thereby 

resulting in higher densities. This is in agreement with the 

findings of Santucci and Schmidt [17], that a lower asphalt 

viscosity at breakdown temperature results in increased 

density. 

The correlation of percent AV and VMA is same with 

respect to compaction temperature. In case of 4-inch 

specimens as the temperature increased from 250°F to 285°F 

the air voids reduced from a high value of 9 - 11 percent to 

3-6 percent. Consequently VMA reduced from high value of 

20 - 23 percent to an acceptable value of 16 - 18 percent. 

Further increase of temperature from 285°F to 325°F 

reduced the percent AV value to around 2-3 percent for 

fine and medium mixes which is lower than desirable. Reason 

for this is that when an over compacted pavement (with voids 

less than 4 percent) is opened to traffic there is a further 

increase of density under traffic loads. This increase in 

density and the thermal expansion of asphalt result in 

flushing and will make the pavement unstable. In case of 

coarse mix with more AV, further increase in temperature 

does not reduce the air voids as significantly. 
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For the 6-inch specimens the trends followed are the 

same as those followed by 4-inch specimens but the percent 

AV and VMA values are comparatively higher because of lower 

densities resulting due to more volume. 

Effects of Compaction Effort 

As mentioned earlier compaction is a densification 

process in which the particles are brought nearer together, 

with a resulting overall higher unit weight. This shows a 

relationship between compaction effort and density. 

An increase in compaction effort results in a higher 

external force acting on the specimen. This higher external 

force gives a better orientation to the particles in a mix 

thus increasing the overall density. Also the force increase 

the intimate contact between the particles, giving rise to 

the frictional resistance and a better bond between the 

particles. 

The effects of compaction effort are measured in terms 

of percent air void and VMA of the final compacted mix. It 

can be seen from graphs that with an increase of compaction 

effort the density of the mix kept on increasing. In this 

research the VKC machine was used for compaction and the 
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compaction effort was changed by varying the disc weights on 

the compactor and the time of compaction. It was found that 

compaction effort along with the compaction temperature had 

profound effect on the density of the mix. This effect was 

more pronounced on the lower side, that is; from low to 

medium compaction effort as compared to the medium to high 

compaction effort. Also the gradient of increase changed 

from a steeper one for the fine mix to a less steeper one 

for the coarse mix showing the effect of mix design on 

density. Similar trends were found for 6" diameter specimens 

signifying the increase of density with respect to the 

compaction effort. 

Consequently with the increase of density, due to 

compaction effort, the air void content dropped 

significantly showing better compaction and higher stability 

values. This increase in density increases the resistance of 

the mix against shear deformation, also it has less air' 

voids and hence low degree of permeability. This makes 

pavement less susceptible to water and air penetration and 

hence the chances for premature embrittlement are less so 

the mix becomes more durable. 

Bell at al [4] in their report, "Effect of Percent 

Compaction on Asphalt Mixture Life" showed that Resilient 

Modulus decreases by more than a factor of two as the 
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compaction rating changes from excellent to poor, indicating 

the importance of maintaining good compaction control. In 

the same studies, for all the projects, the effect of 

changing the level of compaction is very significant which 

is in agreement with the results of this report. 

Effect of Mixture Type 

Type and gradation of a mix have profound effects on 

the overall performance. A loose and uniformly graded mix is 

difficult to compact and work with, whereas; a densely 

graded mix having crushed aggregates is good for the 

performance and is easy to compact. Mix having smooth and 

rounded particles have more voids in them and the intimate 

contact is not strong, whereas; the crushed aggregates with 

rough surface texture have higher coefficient of friction 

and hence stronger interlocking. 

In this study there were some indications of the 

effects produced because of the mix type. It was seen that 

at low compaction effort the density increased from fine to 

medium mix, and stayed almost the same from medium to coarse 

mix where as for medium compaction effort the density 

increased from fine to medium mix and then decreased from 
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medium to coarse mix. Same trend was found in case of high 

compaction effort. 

Since the fine mix has more minus 200 particles 

therefore the void content was more. For this reason, at low 

compaction effort the particles did not get good 

orientation, and hence the density ranges achieved for fine 

mix were lower than those for medium and coarse mixes. For 

medium compaction effort since the force applied was good 

enough to provide better orientation to the aggregates 

particles therefore the densities achieved for fine and 

medium mix were higher than those achieved for low 

compaction effort. Also due to compaction force the 

frictional resistance increased and a denser mass was 

achieved. But in case of the coarse mix the density 

decreased. This can be due to the fact that the coarse mix 

had more 1/2 and 3/4 inch particles giving more gaps in 

between the particles,and the mix having less fine particles 

to fill up the spaces, resulting in higher air voids. In 

case of high compaction effort similar trend was found as 

that for the medium compaction effort but the effect was not 

as prominant. 



4 Inch Specimens Cored from 6 Inch Specimens 

As mentioned in Chapter 4, "TESTING METHOD", 4-inch 

cores were cut from selected 6-inch specimens compacted at 

285 deg. F. Density comparison between these cores and the 

6-inch specimens showed a minor increase in density in case 

of the cores. This can be due to the fact that there was no 

asphalt coating on the surface of the core to resist water 

absorption. This lead to an increase of weight resulting in 

a slight increase of density. Comparative values of 

specimens compacted at Optimum Asphalt Content with 

Compaction Temoerature of 285 degrees F, and Medium 

Compaction Effort. 

MIX Vb I Vb 11 lb 

DENSITIES (gms/cc) 

4" Cores 2.24 2.27 2.23 

6" Specimens 2.23 2 . 2 6  2 . 2 1  

MARSHALL STABILITIES (#): 

4" Cores 2227 

4" Specimens 5930 

2420 

4912 

2177 

3931 
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Field and Recompacted Cores from Pima County Mix 

On the 29th. of october 1987 cores were taken at 

3 0' clock in the afternoon, from east Tanque Verde road 

near the Catalina Highway, Tucson Arizona. Pima county mix 

IS-100 was placed one day before and AC-30 asphalt was used 

5.5 percent by weight. Mix gradations are presented in Table 

6. Four and six inch cores were cut and densities were 

found in the laboratory, (APPENDIX A). These cores were 

reheated in the laboratory and were recompacted at 285 

degees F, at high compaction effort, (CR = 1.18 and 0.57 for 

4and 6 inch specimens respectively) on the VKC machine. The 

densities achieved were 6-7 percent higher than those 

achieved in the field. 
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TABLE 6 

Specification for Pima County Mix 

SIEVE SIZE ASSHTO PIMA COUNTY MIX 

1" 100 100 

3/4" 95-100 90-100 

1/2" 73-92 78-90 

3/8" 60-80 71-83 

#8 40-50 40-52 

#40 12-22 11-19 

#200 3-6 1.5-5.1 

This increse in the densities was due to better 

compaction control and higher compaction temperature 

employed in the lab. In the field the placement and 

compaction temperatures were adversely affected by the cold 

weather conditions during the cold month of October. Same 

county mix was brought in the laboratory and was compacted 

on the VKC machine at high compaction effort at 285 degrees 

F. The densities achived for this mix were 97- 98 percent of 

the MTSG showing higher Compaction Effort and Temperature in 

the laboratory. 



CHAPTER 6 

SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 

The results of this investigation established the 

influence of several variables namely compaction effort, 

compaction temperature and mix gradation on density, AV 

content, and stability of the asphaltic concrete mixes. All 

the testing was performed on the specimens prepared in the 

Asphalt Laboratory, University of Arizona, Tucson. 

Data collected from the lab test was plotted and 

analyzed and the following conclusion were drawn: 

1) The medium mix corresponding to IVb of Asphalt 

Institute [21 gave the maximum density and stability 

values as compared to the fine and coarse mixes 

corresponding to Vb and IIlb of Asphalt 

Institute. This shows that for the design asphalt 

contents, the mix with good gradation, will undergo 

a better compaction and hence would achieve higher 

density, lower percent AV and consequently 

higher stability values. In this study IVb was 

the best mix. 

48 
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2) Density increased from fine to medium mix 

and decreased from medium to coarse mix, 

being highest for medium mix and lowest for 

coarse mix. This trend was established for the 

medium and high compaction efforts corresponding 

to compaction ratios of 0.80 and 1.18 for 4-inch, 

and 0.37 and 0.53 for 6-inch specimens respectively. 

Towards the low compaction efforts with CRs of 0.26 

and 0.11 for 4 and 6 inchs specimens respectively, 

the trend was shifted between fine and coarse 

mixes, with fine having the lowest, medium the 

highest and coarse the intermediate. This shows that 

same material behaves differently under different 

compaction efforts. 

3) Temperature of the mix at the time of compaction had 

profound influence on density, percent AV and 

stability of the mix. With the increase of 

temperature the density first increased but then 

started to decrease after 285°F. So best suited, 

temperature during the time of compaction was 

found to be 285°F. Although it is seen from this 

research that increasing the Compaction Temperature 

can result in higher Densities, but the teperature 

used in the field should not exceed 300 degrees F. 



50 

Beyond this temperature mix will be burning and 

fuming. This mix would be difficult to place and 

compact. 

4) With the increase of compaction effort the density 

kept increasing for the same temperature. So if the 

temperature is kept constant the density will 

increase with compaction effort upto optimum density 

value and any increse of compaction effort after 

that value would result in loss of density due to 

slipping of the aggregate particles over one 

another. 

5) Low temperature at time of compaction resulted in a 

lower density value and consequently higher percent 

AV and VMA values. 

6) With the increase of densities, the stability values 

also increased. 

7) Percent AV and VMA values generally decreased with 

the increase in temperature. 

8) The maximum value of density achieved for all the 

three individual mixes was at 285°F compaction 

temperatures and high compaction effort with 

CRs of 1.18 and 0.53 for 4 and 6 inchs specimens 

respsctively. 

9) Generally the medium mix corresponding to IVb of 

the Asphalt Institute behaved the best under the 
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different conditions of effort and temperature 

during compaction process. 

10) Same trends were followed in both the 4-inch and the 

6-inch diameter specimens. 

11) For the same conditions of temperature and effort 

6-inchs specimens had lower density values than the 

4-inch specimens. This was because of more volume 

for the same compactive effort in case of 6-inch 

specimens. 

As a result of this investigation, it has been shown 

that the mix variables have significant effect on the 

properties of asphaltic concrete performance. Taking into 

account the conclusions reached from this investigation 

following recommendations are made: 

1) Further research should be pursued in vibratory 

compaction area. 

2) Compaction methods other than vibratory methods 

should also be taken up in research. 

3) Generally used county, city and state asphaltic 

concrete mixes should be used in research to get 

improved designs and recommendations. 

4) For the same type of mix different compaction 

procedures should be studied and future usage 

of mixes should be based on the analysis of the data 

achieved. 
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5) Comparison charts should be developed between the 

VKC machine and the standard Marshall compaction 

procedure curve and should be made available 

for future usage. 

6) More usage of VKC machine should be made easier 

for its ability of producing desired results. 

7) Better compaction control should be exercised in the 

field to achive better results. 

8) Same investigation with different grade and type of 

asphalts can also yield more information for future 

use. 

9) The mixes used in this research should be used in 

the field under the same conditions of temperature 

and effort and the results should, be analyzed and 

compared to the laboratory results. 
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VIBRATORY KNEADING COMPACTOR 

This device can be used to form 4, 6, and 18 inchs 

diameter specimens. Photograph 1 (appendix B) illustrayes 

the Compactor and the legend identifies the various parts. 

The compaction procedure is as follows: 

1. Asphaltic concrete is heated to the desired 

temperature. 

2. The turntable under the mold is turned 1 degree from 

the horizontal and then secured. The tilting is accomplished 

by rotating the upper portion of the table with respect to 

an inclined surface (T). 

3. Two paper discs, equal to the mold diameter, are 

placed inside the mold. One before and one after the 

placement of the mix inside the mold. The filled mold is 

placed on the turntable where it has limited freedom to move 

only on the plane of the turntable. 

4. The compaction head, Ballast (X), and loading system 

CD and M) are lowered and the compaction head is centered 

within the mold. The positioning crossbar (E) is lowered 

away from the loading apparatuswithin the mold so that the 

mixture supports the loading system. This insures that no 

load will be applied to the cross bar as the asphaltic 

concrete is compressed.The cross bar is locked to the 

vertical posts. 
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5. The timer at (C) is set for the required compaction 

time and the master switch is turned on.Moter (M) drives the 

counter rotating eccentric and mirror-positioned masses of 

the loading systemat a speed of 1200 rpm. At the same time 

the gear motor (H) rotates the turntable and mold at a speed 

of 17.5 rpm.Since the live load due to the rotation of 

eccentric masses is greater than the dead load of the 

loading system, the horizontal compaction head impacts the 

mixture as it rotates on the slanted surface of the 

turntable. 

6. After cessation of kneading compaction , the cross 

bar is released, and raised to remove the loading system 

from the specimen. The table is unlocked and counter rotated 

to remove the tilt initially set and then secured. The cross 

bar is again lowered and locked so that the specimen will 

carry all of the weight and force of the loading system.The 

top and bottom surfaces of the specimen are made parallel by 

compacting, as before, for a period of 30 sees. 

7. Finally the loading system is raised, the mold is 

released from the turntable and the specimen is extruded. 

The procedure is used to make specimens varying in 

thickness from 1 to 5 inches in 1 and 2 inch layers. 
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Aggregate Gradations for Fine Vb Mix. 

Aggregate 6radat1on 
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Aggregate Gradations for Medium IVb Mix. 

Aggregate Gradation 
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Aggregate Gradations for Coarse Illb Mix. 

Aggregate Kraflation 
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Combined Curves for Aggregate Blends. 

Aggregate Gradation 
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Computer Printout For Fine Vb Mix. 

FiM Nil 

SIEVE PERCENT V0IDA6E SURFACE SURFACE 

SIZE PASSING R REDUCTION A68RE6ATE AREA AREA 
(P) FACTOR (F) VOIOA6E FACTOR (SOFT/LB) 

200.000 10.0 .00 .000 32.00 160. 16.00 

100.000 18.0 1.80 .940 30.08 60. 10.80 

90.000 20.0 1.11 .953 28.65 30. 6.00 

30.000 31.0 1.55 .903 25.88 14. 4.34 

16.000 46.0 1.48 .8% 23.18 8. 3.68 

1.000 63.0 1.37 .891 20.65 4. 2.52 

4.000 80.0 1.27 .899 18.56 2. 1.60 
.375 97.0 1.21 .904 16.77 0. 2.00 

.750 100.0 1.03 .988 16.57 0. .00 

1.500 100.0 1.00 1.000 16.57 0. .00 

TOTAL SURFACE AREA" 46.94 

AIR ASPHALT FILM 
VOIDS CONTENT THICKNESS 

PERCENT PERCENT MICRONS 

2.00 6.45 6.43 

3.00 6.03 5.95 

4.00 5.61 5.46 
5.00 5.19 4.98 
6.00 4.76 4.50 

EFFECTIVE SPECIFIC GRAVITY* 2.580 

ASPHALT SPECIFIC 6RAVITY > 1.018 

ASPHALT ABSORPTION VALUE • .600 



Computer Printout for Medium IVb Mix. 

Ntdiua Nix 

SIEVE PERCENT V0IDA6E SURFACE SURFACE 

SIZE PASSING R REDUCTION A86RE6ATE AREA AREA 
(P) FACTOR (F) V0IDA6E FACTOR (68n/LB) 

200.000 7.0 .00 .000 32.00 160. 11.20 

100.000 12.0 1.71 .928 29.70 60. 7.20 

50.000 13.0 1.08 .966 28.68 30. 3.90 

30.000 20.0 1.54 .902 25.86 14. 2.80 

16.000 31.0 1.95 .903 23.36 «• 2.48 

1.000 44.0 1.42 .891 20.82 4. 1.76 

4.000 98.0 1.32 .893 18.60 2. 1.16 

.375 89.0 1.53 .901 16.76 0. 2.00 

.750 98.0 1.10 .958 16.06 0. .00 

1.900 100.0 1.02 .992 15.93 0. .00 

TOTAL SURFACE AREA* 32.50 

AIR ASPHALT FILM 

VOIDS CONTENT THICKNESS 

PERCENT PERCENT NICRONS 

2.00 6.07 8.66 

3.00 5.66 7.97 
4.00 5.29 7.29 

9.00 4.83 6.60 

6.00 4.41 5.92 

EFFECTIVE SPECIFIC 6MVITY> 2.608 

ASPHALT SPECIFIC GRAVITY > 1.018 

ASPHALT ABSORPTION VALUE • .600 



Computer Printout for Coarse IIlb Mix. 

CMTM Nix 

SIEVE PERCENT VOIDAGE SURFACE SURFACE 

SIZE PASSING R REDUCTION A8SRE6ATE AREA AREA 
(P) FACTOR (F) V0IDA6E FACTOR (SOFT/LB) 

200.000 5.0 .00 .000 32.00 160. 8.00 

100.000 S.0 1.60 .911 29.14 60. 4.80 

50.000 8.0 1.00 1.000 29.14 30. 2.40 

30.000 13.0 1.63 .915 26.67 14. 1.82 

16.000 20.0 1.54 .902 24.05 8. 1.60 

1.000 31.0 1.55 .903 21.72 4. 1.24 
4.000 42.0 1.35 .891 19.35 2. .84 

.375 71.0 1.69 .925 17.89 0. 2.00 

.750 94.0 1.32 .893 15.97 0. .00 

1.500 100.0 1.06 .974 15.56 0. .00 

TOTAL SURFACE AREA' 22.70 

AIR ASPHALT FILM 

VOIDS CONTENT THICKNESS 

PERCENT PERCENT MICRONS 

2.00 5.94 12.07 
3.00 5.52 11.08 

4.00 5.11 10.10 

5.00 4.68 9.12 

6.00 4.26 0.13 
EFFECTIVE SPECIFIC SRAVITY> 2.S91 

ASPHALT SPECIFIC 8RAVITY « £.018 

ASPHALT ABSORPTION VALUE - .600 
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TABLE 10. MARSHALL CURVES FOR DESIGN ASPHALT CONTENT: 

X AC MIX DENSITY AIR VOIDS VMA STABILITY FLOW 

(gms/cc) ( % >  ( X )  (#) 

4.5 

4.5 

4.5 

Vb 

IVb 

11 lb 

2 . 2 1  

2.24 

2.23 

7.1 

6.7 

7.3 

16.9 

16.6 

17.2 

2920 

3350 

2740 

13.6 

14.3 

13.4 

5.0 

5.0 

5.0 

Vb 

IVb 

11 lb 

2.27 

2. 34 

2 . 2 8  

4.6 

3.0 

5.2 

15.7 

14.1 

16.4 

3120 

3370 

2910 

13.9 

14.8 

13.9 

5.5 

5.5 

5.5 

Vb 

IVb 

11 lb 

2.30 

2.35 

2.29 

3.3 

2 . 6  

4.8 

15.7 

14.9 

17.20 

3280 

3410 

2960 

14.5 

15.5 

14.1 

6 . 0  

6 . 0  

6.0 

Vb 

IVb 

11 lb 

2 . 2 8  

2.32 

2 . 19 

2 . 8  

1.8 

4.2 

17.6 

17.1 

2 1 . 8  

3100 

3450 

2800 

14.9 

15.9 

14.6 

6.5 

6.5 

6.5 

Vb 

IVb 

11 lb 

2 . 2 6  

2.29 

2 .  1 8  

2.3 

1 . 2  

3.8 

19.4 

19.3 

23.3 

3050 

3280 

2380 

15.8 

1 6 . 8  

15.3 



TABLE 11. 4-INCH DIAMETER SPECIMENS AT OPTIMUM ASPHALT 

CONTENT: 

64 

MIX LOW CE MEDIUM CE HIGH CE 

TYPE 250F 285F 325F 250F 285F 325F 250F 285F 325F 

DENSITY (gms/cc): 

Vb 2.12 2.12 2.14 2.26 2.28 2.28 2.30 2.31 2.33 

IVb 2.17 2.19 2.18 2.31 2.32 2.32 2.35 2.36 2.35 

IIlb 2.17 2.19 2.17 2.26 2.26 2.25 2.27 2.28 2.26 

AIR VOIDS (%): 

Vb 10.9 10.8 10,3 5.2 4.3 4.2 3.3 2.7 3.1 

IVb 9.9 8.8 9.2 3.9 3.4 3.5 2.2 2.0 2.1 

IIlb 9.9 9.1 10.0 6.1 5.9 6.4 5.6 5.4 6.0 

VOIDS IN THE MINERAL AGGREGATES (%): 

Vb 22.4 22.2 21.8 17.4 16.6 16.5 15.7 15.3 15.5 

IVb 21.5 20.6 20.9 16.4 15.9 16.0 14.9 14.7 14.8 

IIlb 20.6 19.8 20.6 17.2 17.1 17.4 16.8 16.6 17.1 

MARSHALL STABILITY (#): 

Vb 998 1420 1769 4044 5930 7051 4130 7540 7155 

IVb 1053 1837 1652 3516 4912 3852 4223 5809 4433 

IIlb 1269 1481 1232 2871 3931 2440 3145 4185 2716 



TABLE 12. 6-INCH DIAMETER 

CONTENT: 

SPECIMENS AT OPTIMUM ASPHALT 
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MIX LOW CE MEDIUM CE HIGH CE 

TYPE 250F 285F 325F 250F 285F 325F 250F 285F 325F 

DENSITIES (gms/ cc): 

Vb 2.03 2.09 2.13 2.22 2.23 2.23 2.23 2.24 2.24 

IVb 2.12 2.15 2.15 2.25 2.26 2.25 2.27 2.27 2.27 

IIlb 2.14 2.17 2.14 2.20 2.21 2.20 2.22 2.23 2.21 

AIR VOIDS (X): 

Vb 14.7 12.3 10.3 6.9 6.3 6.2 6.2 5.9 6.1 

IVb 11.8 10.4 10.5 6.5 5.9 6.4 5.7 5.6 5.7 

IIlb 11.1 9.9 11.2 8.4 8.0 8.6 7.8 7.2 8.0 

VOIDS IN THE MINERAL AGGREGATES (%): 

Vb 25.7 23.5 21.8 18.8 18.3 18.3 18.3 18.0 18.1 

IVb 23.2 22.1 22.1 18.6 18.1 18.5 17.9 17.8 17.9 

IIlb 21.6 20.6 21.7 19.2 18.9 19.4 18.7 18.2 18.9 



TABLE 13. SELECTED 4-INCH CORES FROM 6-INCH SPECIMENS: 

MIX LOW CE 

TYPE 250F 285F 325F 

DENSITIES (gms/cc): 

Vb 

IVb 2.16 

11 lb 

MARSHALL STABILITIY (#): 

Vb 

IVb 1025 

11 lb 

MEDIUM CE HIGH CE 

250F 285F 325F 250F 285F 

2.24 

2.27 2.28 

2.23 

2227 

2420 2165 

2177 



TABLE 14. PIMA COUNTY MIX. 

FIELD COMPACTED: 

4" DIAMETER FIELD CORES AVERAGE DENSITY = 2.22 gms/cc 

6" DIAMETER FIELD CORES AVERAGE DENSITY = 2.23 gms/cc. 

CORES RECOMPACTED IN THE LABORATORY AT 285 deg. F 

USING HIGH COMPACTION EFFORT: 

4 " DIAMETER CORES AVERAGE DENSITY = 2.38 gms/cc. 

6" DIAMETER CORES AVERAGE DENSITY = 2.36 gms/cc. 

COUNTY MIX, (IS-100), COMPACTED IN THE LABORATORY 

USING HIGH COMPACTION EFFORT: 

COMPACTION TEMPERATURE DENSITY 

(deg. F) (gns/cc) 

250 2.37 

285 2.38 

325 2.38 
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PHOTOGRAPH 1 

VIBRATORY KNEADING COMPACTOR 
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PHOTOGRAPH 2 

MECHANICAL MIXER 
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PHOTOGRAPH 3 

MARSHALL STABILITY MACHINE 
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