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ABSTRACT 

This report is concerned with the study of the effects of 

fine aggregate's surface texture on creep in asphaltic 

concrete mixtures. The "Time Index" method was applied to 

measure the degree of angularity and roughness of fine 

aggregates. The creep test method introduced by Shell 

Petroleum Company was studied and the review of literature 

appears to credit this method. A simple lever arm loading 

system was set up in a hot room with a temperature of 104 F. 

Variables of air void content, asphalt grade and content 

were studied in three different blends containing fine 

aggregates of low, medium and high surface texture indices. 

The creep test was easy to perform and during this study 

it showed to be a good reflectant of the influence of the 

effect of aggregate surface texture on plastic deformation of 

asphaltic concrete mixtures. 
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CHAPTER 1 

INTRODUCTION 

High costs associated with roadway construction and 

maintenance have resulted in more focus being placed on 

prolonging the life of highway systems. Special attention has 

been given to the causes of road deterioration. Premature 

rutting, (rutting within one to two years after construction), 

has been identified as a reason for pavement failure. Poor 

mix design has commonly been identified as a reason for 

premature rutting. 

A considerable amount of national research has been 

directed toward developing test systems which will predict 

rutting. But, nearly all of the research has resulted in the 

promotion of various sophisticated, expensive and complicated 

apparatuses and procedures (10). The introduction of new test 

methods is necessary because existing methods, such as the 

Marshall test for asphaltic concrete, have limitations for the 

evaluation and design of mixes. Although they are useful for 

control purposes, they are empirical and not applicable to all 

types of mixes. Moreover, in many cases, mixtures designed by 
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the Marshall procedure still show unsatisfactory stability 

behavior (22, 17). 

The stability properties of an asphalt mix are not well 

defined but may be expressed as the resistance of a mix to 

rutting in actual field conditions, such as climate, traffic 

density and load (9) . As a result of investigations, creep 

tests have been developed in an attempt to control and/or 

predict permanent deformation in asphaltic concrete mixtures. 

A creep test can simply be defined as a measurement of time-

dependent strain et, when a constant stress oQ is applied to 

the specimen, to determine viscoelastic behavior of pavement 

material (17). Extensive investigation, especially by Shell 

Laboratories throughout Western Europe, have shown that the 

creep test is a good indicator of relative mix stability and 

it's susceptibility to permanent deformation i.e., rutting. 

In applying the creep test to study the deformation 

resistance of asphaltic mixtures there are several properties 

of aggregate that influence the stability behavior of the 

mixture. While the components of asphaltic mixtures are few 

with the main ingredients consisting of aggregate and binder, 

there can be a large range of variations in the properties of 

the mixtures depending on the physical characteristics of the 

ingredients. In the case of aggregates, the gradation, 
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proportion of fine to coarse, and the shape and surface 

textures play an important role on the stability behavior of 

the mix. 

The shape and surface texture of aggregates have been of 

particular importance in studies concerned with the physical 

characteristics of the asphaltic mixture. There are certain 

advantages observed by using crushed materials in the mix, 

such as high Hveem or Marshall stability value (1,2,3,4,7). 

Investigations on the effects of aggregate geometry 

(angularity), and the roughness of the surface texture have 

been undertaken and the results indicate that fine aggregate 

(material smaller than #4 sieve), has more effect on the 

stability of the mix than does the coarse aggregate (5). 

Visual examination of materials has been the most common 

practice to judge the angularity and surface texture of the 

aggregates, but, it cannot be used as a tool for fine 

aggregates. There have been several approaches such as, 

particle index and surface texture index to numerically 

categorize these properties of fine aggregates (6, 8). 
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The course of this research was intended to apply the 

creep test method introduced by Shell Oil Company (20) to 

study: 

-The effect of aggregate surface texture on creep in 

asphaltic concrete. 

-The effects of binder and air void content of 

asphaltic mixture on creep. 

-The effect of asphalt grade used in asphaltic 

mixture on creep behavior of mix. 
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CHAPTER 2 

REVIEW OF LITERATURE 

The review of literature is concentrated in two areas, 

namely: 

-Effects of aggregate surface texture and it's 

angularity on physical characteristics of asphaltic mixture. 

-The need to introduce new test methods to better 

estimate the field performance of paving mixtures and validate 

the use of creep testing in the evaluation of asphaltic 

concrete mixtures. 

The introduction of a new test method does not 

necessarily mean the rejection of existing test methods for 

design of mix, such as the Marshall or Hveem stability tests. 

However, various reports indicate deficiencies in judging the 

mixture's ability to resist permanent deformation under 

traffic loads in actual service conditions (14, 17). 
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Aggregate's Shape and Surface Texture Properties 

Review in this area reveals that the effects of the 

geometric characteristics of aggregate on the stability of mix 

have been under investigation since 1954 (3). 

Herrin and Goetz (3) studied the effects of aggregate 

shape and surface texture on the stability of different mixes. 

Characterization of angularity and roughness of material was 

done by visual examination and variables of aggregate grading 

and the shape of coarse and fine aggregates were tested. The 

results of triaxial compression tests showed the following: 

-Regardless of aggregate gradation, the replacement 

of rounded sand with crushed limestone in fine aggregate 

increased the strength of the mix. 

-Change in the quality of fine aggregate (shape and 

roughness) from rounded to crushed materials increased the 

strength more than the change in the quality of course 

aggregate. 

-Dense gradation of the aggregate diminishes the 

effect of the quality of course aggregate regardless of the 

quality of fine aggregate. 
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In 1957, Lefebvre (4) studied the effects of coarse 

aggregate, fine aggregate, fine dune sand and mineral fillers, 

(material finer then sieve number 200), on the characteristics 

of dense graded asphaltic concrete. Characterization of 

angularity and roughness of material was done by visual 

examination. The Marshall test procedure was used and some of 

the conclusions were as follows: 

-Fine aggregate can be considered the most critical 

component of all the fractions which make up the mineral 

aggregate. 

-Roughness and angularity of fine aggregate develop high 

stability and a relatively high percentage of voids in the 

mineral aggregate. 

In 1958, Griffith and Kallas (5) directed their attention 

toward the influence of fine aggregate on the characteristics 

of asphaltic concrete paving mixtures. They studied this 

influence using seven different gradations ranging from, all 

material finer than number 8 sieve to gradation with 75 

percent coarse aggregate with a maximum size of 3/4 inch. 

Visual examination was used to characterize the angularity and 

texture of material. Mixtures were tested by Marshall and 

Hveem test procedures. 
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The results indicated that: 

-At optimum asphalt content, higher angularity and 

roughness of fine aggregate develops higher stability. 

-Proportioning of coarse and fine aggregate to 

obtain maximum Marshall or Hveem stability is a function of 

angularity and surface texture of both coarse and fine 

aggregate fractions. 

-Optimum asphalt content increases with higher 

roughness and angularity of fine aggregate. 

Quantification of Shape and Texture Properties of Aggregates 

In an attempt to quantify the roughness and angularity of 

particles, Rex and Peck (6) developed a simple test to measure 

the relative angularity and surface texture of sand. They 

measured the flow rate of a specific sieve size (20-30) of 

different materials versus flow rate of a specific sand 

(Ottawa sieve size 20-30) and called it the "Time Index". 

Huang (7) developed the "Particle Index" test. The 

particle index was defined as the rate of voids change in a 

uniformly sized aggregate when rodded in a standard 

rhombohedron mold. A standard method for this test is 

described in ASTM D3398 (8). 
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Applying Huang's method, Boutilier (9) used the Marshall 

test procedure to study the relationship between the particle 

index of coarse and fine aggregate and the physical 

properties of a bituminous aggregate mixture. The results of 

his work, in general, indicate that: 

-Crushed materials increase the stability of the mix. 

-Fine aggregates have more effect on the stability of 

paving mixtures than do the coarse aggregates. 

Studies done by Mcleod and Davidson (10), (also applying 

Huang's method) on the relationship between the particle index 

value of materials and their effects on physical 

characteristics of asphaltic concrete have led to the 

following conclusions: 

-Higher particle index of aggregate increases the 

stability and lowers the density of the mixture. 

-For paving mixtures having the same overall particle 

index, air void, VMA, and asphalt content, higher particle 

index of finer aggregate increased Marshall stability. 

Kalcheff and Tunnicliff (11) studied the effects of 

crushed stone aggregate's size and shape on properties of 

asphaltic concrete. The characterization of fine aggregate's 

particle shape was done using the National Crushed Stone 

Association Shape Index method. Shape index was defined as the 

average void content of three sized fractions of the fine 
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aggregate in a loose condition. Marshall design procedures 

were used and following are some of the conclusions: 

-Angularity of aggregate increases the optimum asphalt 

content. 

-Increased angularity of materials causes an improved mix 

behavior by showing a higher stability value. 

-Mixtures containing crushed materials should be more 

resistant to pavement deformation from repeated traffic 

loading and much less susceptible to the effects of 

temperature and high initial void content than comparable 

mixtures containing natural sand. 

Abduljabar (13) studied the effects of fine aggregate 

geometric characteristics on the properties of asphaltic 

paving mixtures. He used the time index method to quantify the 

angularity and surface texture characteristics of aggregates, 

with some modification. The results of his work show: 

-Increased angularity and roughness of fine aggregate 

increases stability and optimum asphalt content. 

-Time index appears to be a useful method to standardize 

the geometric characteristics of fine aggregate. 

From the first part of the review of literature, the 

conclusion could be derived that crushed material, 

specifically fine particles, have a prominent influence on the 

stability of asphalt concrete mixtures. 



Validity of Creep Test 

20 

The second area in the review of literature is related to 

the applicability of creep test methods and the one introduced 

by the Shell Oil Company, often used in Europe and some parts 

of the United States to predict mix behaviors under actual 

conditions of climate and traffic load. 

Kalcheff and Tunnicliff (11) stated that perhaps the most 

prominent effect of angularity and rough surface texture of 

aggregate is a very high value of Marshall stability developed 

by using mixtures containing crushed aggregate. However, this 

effect was difficult to quantify because the absolute value of 

Marshall stability has little meaning in itself. High 

Marshall stability may mean that the mix is stable, but it 

also may mean that premature pavement distress, such as, 

cracking and ravelling could occur. (11) 

In 1974, Van de Loo (14) presented a paper, "Creep 

Testing as a Simple Tool to Judge Mix Stability", in which he 

stated that the introduction of new test methods are necessary 

because existing test methods such as Marshall test for 

asphaltic concrete have limitations for the evaluation and 

design of the mix. Other reports confirm the statement above 

by saying that premature rutting and permanent deformation 
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within the pavement layer have become a major problem using 

usual test procedures, such as Marshall test procedure, 

(14,15,16,17,18). 

Yoder and Witzcak (26) state: 

"the creep test is used primarily to determine the 
linear viscoelastic properties of pavements 
materials. In this test, a constant stress ap is 
applied to the specimen and the resulting time-
dependent strain et measured. In viscoelastic 
pavement analysis, the resulting characterizations 
used as input similar to the elastic modulus for 
linear elastic models. However, in lieu of using a 
modulus, a creep compliance value J(t) is used to 
express the relationship between stress, strain,and 
time. The compliance is given as: 

J(t) = Vo 

For materials exhibiting viscous behavior, the 
strain increases with time (t) under the action of 
a constant stress. Thus the Jtt) will increase with 
time. For an elastic material, 

Figure 1 shows a typical creep response curve for 

asphaltic concrete (27). Parameters, such as, instant elastic 

strain, eo, extrapolated elastic strain, ce, creep strain 

rate, ecr, accompanied by asphalt viscosity and applied stress 

are used to calculate the stiffness of the mix (modulus of 

elasticity) and the stiffness of bitumen. 
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recovered cr 

Time 

Figure Is Typical creep response curve for asphalt 

concrete. (Reference 27) 

There has been a major effort to develop physical 

deformation models for different mix designs. In 1973, Hills 

(19) presented a physical deformation model for asphaltic 

concrete. It was assumed that any deformation in the mixture 

was the result of sliding displacement between adjacent 

mineral particles separated by a thin film of bitumen in both, 

horizontal and vertical direction as shown in Figure 2. 
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PARTICLE 

BITUMEN 

Figure 2: Two particles separated by a film of bitumen. 

From Hills, (19). 

Hills carried out a uniaxial constant-load compression 

test (creep test) on a range of mix compositions. The 

relative displacement between the upper and lower platens, 

during the course of a test, was indicated by a dial gauge 

mounted in line with the vertical axis of the test specimen. 

The readings were corrected for deformations in the apparatus 

itself, that were load dependent, by preliminary calibrations 

carried out with the aid of a dummy steel specimen. 
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Displacements in two perpendicular transverse directions at 

the middle of the specimen were measured with four dial gauges 

mounted on a solid brass ring. The tests generally lasted 

about 22 hours and were carried out in a thermostatically 

controlled room at a temperature of either 10, 20 or 30 

degrees centigrade on specimens that were usually 200 mm in 

height and 60 mm squared in cross section area. Some of the 

tests were carried out on cylindrical specimens of Marshall 

dimensions (2.5 inches high and 4 inches in diameter). The 

ends of the specimen were lubricated with powdered graphite so 

that the platens exerted no lateral constraint. Barrelling 

was then eliminated and the creep results were independent of 

the diameter/height ratios of the specimens. In the creep 

test, the deformation properties of asphaltic mix were 

determined in terms of the stiffness modulus of mix (Smix) as 

a function of stiffness modulus of bitumen (Sbjt). 

The stiffness modulus of the mix (Smfx) was defined as: 

S • 555 o/€ . at the time T mix ' mix WJ,JUC 

a = applied stress N/m2 

em{x = measured strain ( SH/HQ ) 

where: H0 = initial heigh 

6H = change in height 
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The stiffness modulus of bitumen (Sbit) was a function of 

temperature, loading time and bitumen property (T800pen) and 

penetration index, P.I. The parameter(Tg,,,, ) was selected by 

Van der Poel to define a normalized temperature under which 

differences in viscous behavior between different binder types 

disappears. For all bitumens, the temperature corresponding 

to a penetration of 800 is equivalent to the TRB value, where 

Trb is the temperature obtained from the Ring and Ball test, 

(ASTM D 36-76). 

Use of the penetration index (P.I.) was made. Penetration 

index, which is a measure of the temperature susceptibility of 

asphalt, is based on the measurement of penetration at two 

temperatures. The measurements are the penetration at 77 

degrees Fahrenheit and the ring and ball softening point 

temperature. 

From these two measurements, Shell researchers have 

developed a simple measure of temperature susceptibility 

called the penetration index. See figure CI, Appendix C. 

Three general groups of materials based on their P.I. value 

have been suggested (30): 

1. High temperature susceptibility PI < -2 

2. Normal asphalt -2 < PI < +2 

3. Low temperature susceptibility 

(Air blown asphalt) PI > +2 
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Values of Sbjt are found using Van der Poel's nomograph 

for a given loading time, P.I and temperature (20). The 

result of the creep tests are presented on a double 

logarithmic plot of Sm{x vs. Sbjt. Figures 3 and 4 show typical 

creep test results and creep curve for different mixes (20). 
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Mix no. I II III IV 

Gravel/ Hot 

Mix type sand 
Asphaltic Sand 

rolled 

asphalt 
concrete asphalt 

asphalt 

Stone, °/o m 49.7 64.0 12.2 30 

Sand, °/o m 38.4 25.7 75.2 51.7 

Filler, °/o m 7.2 5.2 8.9 9.9 

Bitumen, °/o m 4.7 5.1 3.7 8.4 

V., °/ov 
8 4 3 17 5 

1010 

109 

108 

107 

10® 

105 

10"2 10"1 1. 10 102 103 104 10s 

Bitumen stiffness Sbjt, N/m2 

Figure 3: Typical creep test results from Shell Petroleum 

Company.(20) 

Mix stiffness S, 
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5 x 10'1 

2 x 10"1 

t x 10"1 

5 x 10'2 

2 x 10-2 

Asphalt strain e„ 

a = 105 N/m2 

_ T = 40 °C 

P I  = 0  Bitumen 
- ^ m-rr~ 100 pen 

-

«••••"9** 50 pen 

, t 

10' 10 

Mix stiffness S_..f N/m2 
mIX 

10" 
Loading time, s 

5 x 107 

2 x 107 

1 x 107 

5 x 106 

Bitumen stiffness S. 

Figure 4: Creep curves for different mixes.(20) 

Creep curves should not be extrapolated linearly because 

as SbU diminishes during the course of a creep test, the rate 

of fall of the mix gradually decreases less and may tend to 

level out to an almost constant value. The location and shape 
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of the creep curve in a Sm.x against Sbjt graph depends not only 

on the composition of the mix, but also on the quality of the 

grading of aggregate and whether it is crushed or rounded (19). 

According to Finn and Monismith (22) Brown and Cooper 

evaluated creep tests and stated: "The unconfined creep test 

is able to distinguish between mixes with generally good or 

bad deformation resistance". Finn, Monismith and Markevich 

(22) have studied problems associated with mix design and poor 

performance of the asphaltic mixture. They performed a creep 

test on 8" high and 4" diameter specimens with three stress 

levels of 14.7, 30,and 70 psi for one hour at each stress 

level. Creep deformations were measured within the middle 4" 

of each specimen. To predict the amount of permanent 

deformation,the procedure developed by Shell with slight 

modification was used. In summary they stated that it would 

appear that the creep test can be a useful test for the 

relative ranking of similar types of mixtures and may be a 

very useful adjunct to procedures using the Marshall test 

particularly in the areas of heavy traffic and comparatively 

high temperature. 

Further more, Monismith urges that the efforts should be 

directed toward the standardization of results and repeated 

load testing to simulate the actual traffic loading condition 

to permit estimation of in-situ rutting. 
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Furthermore, the argument presented by Shell 

investigators that current methods of designing mix 

compositions for asphalt paving applications are based on 

recipes or empirical tests that are usually specific to one 

type of mix. While they are based on experience, these 

methods are not always certain of success and are difficult to 

extend to the use of new materials or more severe performance 

requirements because the test results are not directly related 

to performance. A need remains for laboratory test methods 

that allow the mechanical properties of an asphalt mix to be 

characterized in such a way that it would be possible to 

predict the depth of the rut that will occur when this mix is 

used in a pavement of given construction and subjected to 

specific traffic loading and climatic conditions. Shell 

devoted a major effort to the procedural development of a 

creep test. This method is based upon over 20 years of 

laboratory work and research (26). 

According to Finn and Monismith (22), the creep test has 

been examined in detail by the Study Center for Road 

Construction of the Netherlands and has been accepted as a 

useful method to study asphaltic mixture properties. 
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The North Dakota State Highway Department, after facing severe 

rutting in some of its new projects, performed creep 

testing/rut prediction for 35 paving projects constructed 

throughout the state. They conducted creep test using the 

Shell method and the results obtained from the creep test 

showed that the test was a good indicator of mix 

characteristics and the creep tests revealed performance 

characteristics of the mix (17,18). 

The review of literature shows the importance of the 

physical characteristics of aggregate, such as, angularity and 

surface texture and the efforts directed to acquire more 

information about their influences on the stability of the 

mix. It also shows the more prominent effects of fine 

aggregate particle characteristics as compared to coarse 

aggregates. Moreover, researchers are seeking methods to 

obtain better measures for predicting asphaltic mixture's 

deformation behavior in actual service conditions. 

It appears that Shell has been able to apply simple creep 

tests in order to have a better understanding of the strength 

of the mix and its resistance to permanent deformation under 

repeated traffic loading and various climatic conditions. 
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Surface texture has been shown to correlate with Marshall 

test procedure's results. Now it is desired to determine if 

correlation exist between surface texture and creep test 

results. 

This report investigates the effects of surface texture 

of fine aggregate on creep in asphaltic concrete using the 

method proposed by the Shell Petroleum Company for ranking 

different mix compositions (20). 
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CHAPTER 3 

MATERIALS AND TESTING 

In order to investigate the effects of aggregate surface 

texture on creep in asphaltic concrete, three aggregate 

surface textures of fine, medium and rough were tested using 

three variables: 

-bitumen grade at two levels 

-binder content at four different levels 

-air void content at four different levels 

Material 

Effort was made to provide fine aggregates with high 

variation in their surface texture properties. 

Coarse Aggregate 

Coarse aggregate, is defined by the Asphalt Institute 

(29) to be larger than number 8 sieve size. Aggregate retained 

on #8 and passsing 1/2" was kept constant and was used in 

three different blends containing three different types of 
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fine aggregates. Coarse aggregate was ranked as medium 

surface texture and shape characteristics by visual 

examination and was obtained from Tanner Construction Company 

in Tucson, Arizona. 

Fine Aggregate 

Fine natural sand (low surface texture index) and 

partially crushed fine aggregate (medium surface texture 

index) were obtained from the Tanner Company. 

Fine, fully crushed material with high surface texture 

index made of limestone was found at the Miller Construction 

Company. These materials were newly fractured and possessed 

a rough texture and sharp edges. All materials were separated 

on 3/8 inch, #4, #8, #16, #30, #50 and -#50 sieve sizes by 

mechanical sieving at the Arizona Department of 

Transportation, Phoenix, Arizona, and were stored separately. 

To equate the amount of -#100 and -#200 material in all 

three blends, a material with high amount 

passing sieve #100 and #200 was obtained from Granite 

Construction Company in Tucson. 



35 

Gradation 

In this study a constant gradation, designated by the 

Asphalt Institute Manual for Surface Course Layer as Ill-a was 

used. Specification requirements were met and three blends 

consisting of low, medium and high surface texture index were 

mixed. Gradation used and specifications set by the Asphalt 

Institute manual are shown in Table 1. 

Table:1 Specification and Gradation of Blends (21) 

Surface Coarse % Asphalt 

Sieve 1/2" 3/8" #4 #8 #16 #30 #50 #100 #200 

Size 

Mix 100 90 50 30 20 15 10 7 3 5.5 

Blend (% passing) 

Spec 100 75-100 35-55 20-35 -- 10-22 6-16 4-12 2-8 3 -6 

III-a (% passing) 

ASPHALT 

Two grades of asphalt, AC-20 and AR-1000, were available 

in the asphalt laboratory of the University of Arizona and 

were used in this study. Attention was paid to the canning of 

asphalt from the drums. It was done under gravitational force 

in order not to change the properties of bitumen. Asphalt 

used for all the samples were heated only once. 
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Penetration tests were done on both grades of asphalt at 

two different temperatures according to AASHTO test procedure 

(T 49-80). The results of the penetration tests were used to 

obtain values of (TRB) from chart developed by Shell 

researchers and Sbit from Van der Poel's nomograph for 

different loading times, and the constant testing temperature 

of 104 degrees Fahrenheit for both grades of asphalt (Table C-

3, Appendix C). Table 2 shows the results of the penetration 

tests for both grades of asphalt at two different test 

temperatures. Figures C-2 and C-3, Appendix C show the 

procedure for the determination of the stiffness of bitumen. 

According to Shell, both grades of asphalt are classified as 

normal asphalt. 

Table 2: The results of penetration tests, P.I. and T800pen, for 

two different grades of asphalt. 

ASPHALT PENETRATION TEMPERATURE T800pen P.I 

AC-20 42 25C (77F) 61C 1 

70 30C (86F) 

AR-1000 58 25C (77F) 53C 0 

90 30C (86F) 
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To initiate the laboratory work, a quantitative 

characterization of the degree of angularity and roughness of 

the fine aggregate was made using the U. S. Bureau of Public 

Roads' time index method (6), modified by Jimenez (12). The 

original time index test method evaluated the flow rate of a 

specific size (20-30) material versus a base flow rate value 

obtained from the same size Ottawa sand. Work done by Al-

kulaib (24) showed the weighted average time index value of 

different fractions of a particular class of aggregate 

(angularity and roughness) was most likely the same as the 

time index value of the combined fractions of the same 

aggregate. 

In our study, the flow rate of fine aggregates (passing 

#8 sieve size) mixed according to specification was evaluated 

versus the flow rate of 3/32" ball bearings. The Surface 

Texture Index (STI) determined for three types of aggregates 

is shown in Table 3. The modifications made to the U. S. 

Bureau of Public Roads test method are explained in Appendix 

A. The reason for choosing time index method was the 

availability of test equipment needed for this method at the 

University of Arizona's asphalt laboratory. 
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Table 3: Surface Texture Index for different aggregates. 

SURFACE TEXTURE INDEX TIME INDEX APPARENT SPEC. GRAVITY 

(AASHTO T—209) 

LOW 1.09 2.638 

Medium 1.39 2.564 

High 1.92 2.611 

Compaction 

Two methods of compaction, Marshall Standard and 

Vibratory Kneading, followed by the Marshall test procedure, 

were used to determine the optimum asphalt content. Table 4 

shows the work carried out to optimize the binder content. 



COMPACTION MARSHALL STANDARD 75 B/F 

ASPHALT GRADE AC - 20 AR - 1000 

STI HIGH • MEDIUM O LOW /S HIGH • MEDIUM O LOW ZS. 

ASPHALT CONTENT 4.5 5 5.5 6 4.5 S S.S 6 4.S S S.S 6 4.5 5 S.S 6 4.5 S 5.5 6 4.5 5 5.5 6 

STABILITY TEST 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 

COMPACTION VIBRATORY KNEADING COMPACTION 

STABILITY TEST 3 3 3 3 3 3 3 3 3 3 3 3 

Table 4. Work plan for determination of design asphalt content 
for different asphalt grades and aggregate indices. 

U' 
vo 
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Creep Test Specimens 

It was necessary in the preparation of the specimens for 

the creep test to have the top and bottom surfaces as parallel 

as possible. Specimens compacted by Marshall compaction were 

slightly slanted on top. Due to the lack of equipment needed 

to make the surfaces parallel, this method of compaction was 

not used. Since the vibratory kneading compaction machine 

fulfilled this need and it would more closely resemble field 

compaction, vibratory compaction was used for preparation of 

the samples for creep testing. 

For each composition, regarding the time index of the 

fine aggregate in the mix, specimens were compacted at four 

different energy levels by changing the dynamic load and the 

duration of loading to achieve various air void contents using 

AC—20. One energy level of vibratory compaction was chosen, 

based on air void content of compacted specimens, equivalent 

to Marshall standard. Effort was made to achieve, as close as 

possible, the air void content in the specimen compacted by 

vibratory compaction to those compacted using the Marshall 

compaction method. 
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Specimens compacted by vibratory compaction do not 

duplicate the properties of specimens prepared by Marshall 

compaction method. But, the aim was at equal air void content 

in the mixtures. At this level of compaction, both AC-20 and 

AR-1000 were used to prepare samples for creep testing. 

Table 5 shows the schematic work plan used for the study 

on the effect of air void content on creep. To study the 

effects of binder content on creep the specimens were 

compacted with the vibratory compaction method (23) using four 

different asphalt contents. A020 was used as binder and 

Table 6 shows the work plan carried out. 



COMPACTION METHOD VIBRATORY KNEADING COMPACTION 

ASPHALT CRADE AC - 20 AR - 1000 

STI HIGH • MEDIUM O LOW HICH • MEDIUM O LOW 

A.V LEVEL 12 3 4 12 3 4 12 3 4 4 4 4 

CREEP TEST 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 

Table 5. Work plan to study the effect of air void content and 
STI on creep at 104 F at design asphalt content. 

to 



COMPACTION VIBRATORY KNEADING COMPACTION 

ASPHALT CRADE AC - 20 

STI HICH • MEDIUM O LOW ZS, 

ASPHALT CONTENT 12 3 4 12 3 1 12 3 4 

CREEP TEST 3 3 3 3 3 3 3 3 3 3 3 3 

Table 6. Work plan to study the effect of asphalt content and 
STI on creep at 104 F. 
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Marshall Design Method 

Triplicate samples were produced with asphalt contents 

ranging from 4.5 to 6 percent. The aggregates were graded as 

indicated in Table 1. Marshall samples were prepared using 

AC-20 and AR—1000. 

Marshall Compaction 

Samples were compacted at a temperature of 285 F and 75 

blows were applied to each specimen face using a mechanical 

compactor. 

After the specimens were cooled over night, they were 

weighed in the air, water, saturated surface dry condition and 

their heights were measured. Samples were then placed in a 

water bath at 140 F for 40 minutes and then tested in a 

Marshall testing machine for stability and flow. The percent 

voids and the voids in the mineral aggregate were calculated 

from maximum theoretical specific gravity of the mixture. 

Table B-l, Appendix B, shows the summary of the results of the 

Marshall compaction method. 
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Equivalent compactive effort, as previously described, 

was applied under the same temperature as used for Marshall 

compaction. After the specimens were cooled over night, their 

height and weight in the air, water and saturated surface dry 

conditions were measured. Since there was no significant 

difference in the optimum asphalt content obtained by Marshall 

compaction for AC-20 and AR-1000, for the vibratory method, 

only AC-20 was used and the same results were obtained. 

Table B-l, Appendix B, shows the results of Marshall tests 

using vibratory compaction on AC-20 as binder. 

Static Creep Test 104 °F 

Specimen Preparation 

Various compaction efforts (by changing dynamic load and 

duration of loading), were used to achieve different air void 

contents while maximum attention was paid to keep the height 

of the specimens as close to the 2.5 inch Marshall standard 

height. Samples were compacted at a temperature of 285°F 

using Jimenez's vibratory kneading compaction method. 

Specimens were cooled over night and their height, weight in 

the air and water and saturated surface dry conditions were 
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measured. Later on, a fine corundum blade set on a masonry saw 

was used to get the top and bottom surfaces of the specimen 

smooth. After grinding, hydrocal paste was used to fill in 

the pin point holes and provide a shiny, uniform surface on 

both sides of the specimens. A fine sand paper (#600) was 

used to give the final smooth finish to the surfaces. A thin 

coat of silicon grease was applied to the surfaces in order to 

create some adherence for graphite flakes. The graphite 

flakes were rubbed in with the fingers until the silicon 

grease was completely covered and the specimen surface was 

shiny, smooth and slippery. According to the most recent 

investigations by Shell (17), application of graphite flakes 

is recommended because graphite powder reduces the 

repeatability of the test and test results. 

Test Procedures 

Prior to testing, the specimens were kept in the test 

room with a temperature of 104°F for a minimum of five hours. 

A lever arm loading system was used with the capability of 

applying a static load of 14 psi and a preloading of 1.4 psi 

(10 percent of the main load). 1/4" glass sheets, 5" x 5" in 

dimension, were the contact platens. Glass sheets were used 

to minimize the friction between specimen ends and loading 

platens, consequently, minimizing the confinement within the 
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specimens at the area of contact during the application of the 

load. The upper glass platen was topped with a 3/4" thick and 

4" in diameter steel plate and a ball bearing to minimize the 

effects of gradual displacement of the lever arm on 

dislocation of vertical axis of loading. ( Figures C-4 and C-

5, Appendix C show the photographic presentation of the 

loading system). 

A dummy specimen of low surface texture index with 9 

percent air void content at 5.5 percent asphalt content was 

tested to obtain a measure of creep behavior of the mix, 

amount of displacements, and stability of the loading system. 

One hour of loading indicated the load magnitude of 14 psi was 

not enough to cause deformation in the sample. Therefore, the 

load was increased. It is recommended by Shell that higher 

loads or higher temperatures could be applied, if the creep 

test is used for ranking of different mixture ingredients or 

composition (20). 

Since the purpose of this study was the ranking among 

different mixtures containing fine aggregates of low, medium 

and high surface texture indices by the effect of their 

surface texture index on creep behavior, and the conditions 

would be the same for all compositions, the temperature was 

kept at a constant 104°F and the load was increased to 20 psi. 



48 

Another dummy specimen, of the same character as mentioned 

before, was used with the higher load. The deformation in the 

sample as well as the stability of the loading system was 

satisfactory. Dial gauges with 1/10,000 of an inch 

sensitivity were placed on top of the loading arms on the same 

vertical line as the ball bearing and the center of the 

specimen. ( Figure C-5, Appendix C) 

Triplicate samples were tested for each variable. A 

preloading of 2 psi was applied to flatten out any 

configuration which may have existed due to the application of 

silicon grease and graphite flakes. After application of 

preloading of 2 psi for two minutes, the load was removed. 

Gauges were set at zero and 20 psi load was applied. Readings 

were taken at 100 seconds, 15, 30, 45 and 60 minutes as 

recommended by Shell. The results of the creep test are shown 

in Appendix C. 
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CHAPTER 4 

TEST RESULTS AND DISCUSSIONS 

The research done on the influence of crushed materials 

and the characteristics of the mixtures made from crushed 

aggregate have shown improvement in the mixture's ability to 

withstand loads. However, controversial opinions arise about 

the disadvantages related to the use of crushed aggregates 

(11) . Costs associated with crushed materials used in the 

mixture might be higher, but, where crushed aggregates are 

economically available and equal or better mixtures can be 

produced, they should be used. Kalcheff and Tunnicliff (11) 

state that, in some cases, crushed fine aggregates are 

prohibited by specification. The workability of crushed 

aggregate mixtures is usually different from, and often 

considered more difficult than that of uncrushed aggregate 

mixtures. To improve workability, one practice is to use an 

asphalt content 1/2 percent above design optimum. A practice 

which may not be economical and may lead to poor performance. 

But in the work Kalcheff and Tunnicliff (11) did on the 

effects of size and shape and proportion of coarse to fine 

aggregates, they arrive at the findings that: "mixtures 
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containing crushed coarse and fine aggregates with or without 

high proportions of mineral filler should be much more 

resistant to permanent deformation from repeated traffic 

loadings and much less susceptible to the effects of 

temperature and high initial void content than comparable 

mixtures containing natural sand." 

With a simple look at Kandhal's summary of Marshall mix 

design practiced in 1984 (28), it could be well understood 

that there has been no certain value of Marshall stability 

established. Each State has its own specification for this 

value. A range of 500 to 3,000 pounds with 50 blows for a 

nominal maximum aggregate size of 3/8" size (100% passing 1/2" 

sieve size) would reveal the non-defineability of Marshall 

stability value. 

However, the results obtained from our study for both 

cases of vibratory and Marshall compaction on all three mixes 

are satisfactory at design asphalt content of 5.5 percent for 

design criteria of Asphalt Institute (29). 
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Table 7: Comparison of design criteria of Asphalt Institute 

and Marshall values obtained from low STI material at 5.5% 

asphalt content 

Spec Test of 
Low STI 

1. Marshall stability, 140°F, min 1500 2247 

2. Marshall flow, 140° F, 0.01 in. 8-16 14 

3. Air void, percent 4-6 5.1 

4. VMA, percent, min. 1/2" aggregate- 15 17 

Figures 5 and 6 show the results of Marshall stability, 

density, void content, VMA and flow for various mixes using 

two different methods of compaction. 

Effects of Surface Texture on Design Asphalt Content 

A study of the graphs from Figures 5 and 6 shows that 

the mixture containing fine crushed aggregate has better 

compaction and therefore a slightly lower design asphalt 

content as compared to two other mixtures containing 

aggregates with lower surface texture indices. However based 

on Marshall test results, a value of 5.5 percent asphalt 

content was selected to be kept constant for all three types 
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of mixtures,in order to study the effect of air void content 

of the mixtures,independent of binder content on creep 

deformation. 

One of the conclusions that Herrin and Goetz (3) 

obtained from their study was how dense gradation diminishes 

the influence of aggregate surface texture and shape on 

properties of asphaltic concrete. As can be noticed from 

Figures 5 and 6, the results obtained show a better compaction 

for mixtures containing crushed aggregates. This is 

contradictory to what has been observed in the review of 

literature. 
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significant while the trend of the curves for higher surface 

texture (time index of 1.92) seems to remain constant due to 

the passage of time. Mixtures containing low, medium and high 

surface texture index material have 3.0, 4.6 and 3.7 percent 

air void, respectively. 

Figure 8 shows the time dependent strain rate for 

different mixes, the relatively mild slope of the curve for 

the mixture containing crushed material represents the higher 

deformation resistance of the mix under the load. At the end 

of 60 minutes of loading it is obvious that the rate of 

deformation of mixes containing natural sand is higher than 

the mixes containing medium and high STI fine aggregate. 
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According to Hills (19), any deformation in the mixtures 

is the result of sliding displacement between adjacent mineral 

particles separated by a thin film of bitumen. At the 

beginning of loading the displacement would be more in the 

vertical direction, but toward the end of the loading period, 

the film thickness is squeezed out uniformly into the voids, 

since no bulging occures. The thin film of asphalt acts as 

alubricant to allow the sliding of particles in the horizontal 

direction. 

Increasing the asphalt content of the mixture from 4.5 to 

6 percent by total weight, did not increase the volume of the 

specimen. The height of the specimens (which measures the 

volume since the diameter is constant) showed a small 

reduction. This implies that increasing the asphalt content 

caused reduction of the air voids, which further increased the 

density of the mix. See Appendix C (table C-2) for height and 

density of test specimens 

At low asphalt content (dry of optimum) mixtures showed 

a higher resistance to creep deformation because of the thin 

layer of film of asphalt between the particles and more 

friction between the surface of the particles (figure 9). The 
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deformation resistance of the mixture containing high STI 

material is greater than the deformation resistance of the 

mixtures containing medium and low STI material, respectively. 

Also, air void content of the mixtures is high at low asphalt 

content. The rate of deformation increases up to 5.5 percent 

asphalt content. However, a sudden drop in the rate of 

deformation is observed right after the asphalt content 

reaches optimum (at 5.5 percent). This change in the trend of 

the resistance to deformation for the mixtures containing 

medium and high surface texture material can be interpreted as 

the effect of reduction of air void content of the mixtures. 

Table C-2, Appendix C, shows the height of the specimen and a 

small reduction can be noticed. Considering the mixture 

containing crushed fine aggregate which shows the highest 

resistance to deformation, the air void content for 4.5, 5.0, 

5.5 and 6.0 percent asphalt contents are 8.7, 6.9, 4.6 and 2.0 

percent respectively. But for the mixture containing natural 

sand, the drop of air void content of the mixture is not as 

drastic. And, as it is shown in Table C-2, Appendix C, the 

air void content for 4.5, 5.0, 5.5, and 6.0 percent asphalt 

content are 8.8, 7.5, 5.4, and 4.9 percent respectively. 

However, the expected trend of increase in deformation 

with increments in asphalt content is shown by the dotted 

lines in Figure 9. 
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Throughout the creep testing, the significance of air 

void content of the mixtures has been noted. To study the 

effects of air void content of mixture on creep behavior, the 

designed asphalt content of 5.5 percent, as determined by the 

Marshall procedure, was kept constant for all three kinds of 

mixtures. As can be seen from Figure 10, mixtures with high 

index materials show the least susceptibility to deformation 

with change in the air void content. Mixtures with the lowest 

surface texture index failed at higher air void content. For 

mixtures containing higher air void content, the sliding of 

particles takes place more easily since there is less 

interlock between particles. The effect of confinement at the 

top and bottom of the specimen is also minimized by polishing 

the ends. For mixtures containing natural sand, separation of 

aggregates is easier due to less friction between particles. 

Their smooth surface offers less shear resistance to 

displacement. Therefore, the mix is more susceptible to 

deformation. Deep vertical cracks within the specimens of low 

surface texture index mixtures at higher air void content was 

good evidence of minimization of confinement by polishing load 
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contact surfaces of the specimens (elimination of barrelling 

effect). It also reveals higher susceptibility to failure for 

mixtures containing fine natural sand. Figures C-3 and C-5, 

Appendix C, shows typical failure of specimens under static 

loading. 

Figure 11 shows the effect of STI on deformation behavior 

of the mixes at an air void of 2.0 percent, around which the 

rutting begins to occur in actual field conditions. As 

mentioned before in the review of literature, the creep test 

method developed by Shell can lead to the prediction of rut 

depth of pavement in actual field conditions; however, this 

research does not intend to incorporate that part of the 

procedure. 
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Controversial opinions existed about the rate of aging on 

different grades of asphalt (25). Different agencies, using 

different test methods, set their specifications showing a 

higher or lower rate of aging for softer grades of asphalt. In 

a paper presented by Jimenez (25), at The 6th Annual Paving 

Conference in New Mexico in 1968, a Marshall stability graph 

was presented that indicated a much higher value of Marshall 

stability for softer grades of asphalt at a constant aggregate 

gradation. Justification of the results were made by showing 

a higher rate of aging for the softer grade of asphalt from 

laboratory testing used in that study. 

The results of the Marshall stability test for this study 

also indicated a higher value of Marshall stability under 

constant gradation and material for the softer grade of 

asphalt. This phenomenon can be expressed in terms of aging 

and viscosity. The mixtures were prepared at a temperature of 

285°F. The softer grade of asphalt, AR-1000, demonstrated a 

lower viscosity as compared to AC-20 at the same temperature 

of 285°F due to lower penetration index value as shown in 

Table 2. Lower viscosity means less internal resistance to 

flow and permits easier penetration of the asphalt into the 

pores and configuration of the aggregate texture. As a 
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result, a larger surface area of aggregate has been exposed 

and bonded with the asphalt. After the specimens are cooled 

and tested, the mixture containing the softer grade of asphalt 

showed a higher strength. Figure 12 shows the result of 

Marshall stability for two different grades of asphalt using 

a constant gradation and fine crushed material with STI of 

1.92. 

In a study conducted by the North Dakota State Highway 

Department (17), on the effect of aging of asphalt on creep, 

comparison of the results of tests performed within a two 

month period of time was made and the difference was found to 

be very little. However, in the course of this study a 

constant period of 28 days from the preparation time of the 

specimens to the time of creep testing was kept constant for 

all specimens in order to avoid any changes due to the aging 

of the asphalt. 
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CREEP CURVES 

Table C-3, Appendix C, shows the value of stiffness of bitumen 

obtained from Vander Poel's nomograph. Figure 12 and 13 show 

the creep curves for three types of low, medium and high 

surface texture index blends for both grades of asphalt. It 

is clear from the graphs that the surface texture of material 

influences the stiffness of the mix and mixtures containing 

crushed fine aggregate shows the highest value of stiffness. 

Mixtures are evaluated by stiffness and arithmetic slope "q" 

of the creep curve. 

Mixtures containing low, medium and high surface texture 

materials have slopes of 0.167, 0.124 and 0.061 respectively 

for AR-1000 and 0.169, 0.081, 0.079 for AC-20. The mild slope 

of the curves representing mixtures containing crushed 

aggregate is good evidence of less susceptibility of this mix 

to creep. According to Shell, mixtures with higher mix 

stiffness and milder slope are to be chosen. However, 

depending on the conditions of road usage, climate, and type 

of traffic loading, and considering creep deformation behavior 

of different mixtures (as has been outlined by Shell) suitable 

compromises can be made in producing economically feasible 

mixtures. Table 8 shows a comparison of the effect of STI on 

Marshall stability value and the stiffness of the mixes at 

5.5% asphalt content. 



70 

Table 8: Presentation of effect of STI on Marshall stability 

and creep deformation of mixtures. 

STI Marshall Stability Mix Stiffness 

Lbs N/ra* (107) 

1.09 1910 1.393 

1.39 2030 1.503 

1.92 2230 2.207 
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CHAPTER 5 

CONCLUSIONS 

The result of research in the course of this study 

generally indicates that the creep test could be performed to 

study the plastic deformation of the mix. The creep test was 

easy to perform and may indicate a correlation between STI of 

material and creep behavior of the mixtures. Application of 

creep testing in adjunct with the Marshall test procedure or 

any other test procedure should become a routine practice. 

As was seen from Figure 10, mixture containing natural 

sand began to collapse around air void content of 8 percent. 

Marshall tests performed on mixture containing natural sand at 

7.1 percent air void and VMA and flow of 17.9 and 14 

respectively, possesses a stability of 1910 lbs. 

While a stability value of 1910 lbs could be accepted 

according to many agencies based on their specifications (28), 

a specimen with similar properties as the mixture described 

above with 8.2 percent air void content failed under a static 

load of 20 psi. 
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The North Dakota State Highway Department stated that the 

methods introduced by Shell Petroleum Company can lead to the 

prediction of rut depth in actual field conditions (17). This 

has been proven both experimentally and empirically. Since 

there are a high number of variables for each ingredient of an 

asphaltic concrete, such as gradation, aggregate surface 

texture, binder grade and content and different climatic 

condition and traffic load, it would be recommended that the 

State of Arizona initiate an effort to develop creep curves 

regarding the type of mixtures that are currently being used 

in different parts of the State. The most important element 

of design in Marshall design procedure is the experience 

gained over a period of years. But it could be worthwhile to 

implement a method which is expandable over a variety of 

mixture compositions and field conditions. 

The following conclusions can be derived from this 

study: 

1. In general, the result of creep testing revealed 

a correlation between surface texture index of material and 

the resistance to creep deformation existed. 
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2. Mixtures containing fine crushed aggregate 

(smaller than #8 sieve size) showed a higher densification by 

the compaction effort, perhaps because of ease of penetration 

of the sharp edges of fine aggregates into asphalt and vice 

versa for mixtures containing natural sand. Since the crushed 

fine aggregate used for this study was manufactured, there was 

a possibility of the existence of micro cracking within the 

fine aggregate particles' body. Upon compaction, the fine 

aggregate would crush further, therefore causing a change in 

gradation toward the Fuller maximum density curve. 

3. Optimum asphalt content did not increase with 

the change of fine aggregates' texture from natural round to 

crushed material. 

4. The effect of increasing asphalt content of 

the mixture on maximum creep deformation was more significant 

for mixtures containing material with low STI of 1.09 than for 

mixtures containing material with medium and high STI of 1.39 

and 1.92, respectively. 

5. Percent air void content of the mix, 

especially for mixtures containing natural sand, was a vital 

element, because it could cause failure of the structure due 

to the lack of cohesive strength in the mix at higher air void 

contents. 
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6. Softer grade of asphalt in this case showed 

better performance for Marshall stability value and not a 

significant difference in creep deformation resistance of the 

mixtures. 



APPENDIX A 

Equipment and Test Procedures for a Modified 

Shape Texture Index 
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Equipment 

1. One pint mason jar 

2. Aluminum conic shape cap with a base threaded to fit the 

jar and a 1/2" orifice at the center of the top of the cap 

fitted with a cork stopper. 

3. Stop watch. 

Test Procedure and Calculation 

A 500 gram sample of material finer than sieve number 8 

is mixed to meet the requirement specifications. Materials 

were placed in the glass jar and the aluminum cap fitted with 

a cork screwed into place. The jar was inverted and 

positioned in a ring stand immediately above a receptacle of 

a suitable size. The stopper was then removed and the time 

required for the 500 gram sample of sand to flow through the 

orifice was measured with a stop watch. The test was repeated 

three times for each of the three types of fine aggregate. 

Modified Surface Texture Index of the Bureau of Public Roads 

by Jimenez 

The test procedure previously outlined was different than 

the procedure performed by the U. S. Bureau of Public Roads 

due to the following modifications: 

-a 1/2 inch diameter orifice was used instead of a 

3/8 inch diameter orifice 
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-materials finer than number 8 sieve were combined 

according to gradation rather than a specific size material 

(20-30 sieve size) 

-the flow rate of the 3/32 inch ball bearing was 

used for computations of the time index of the three types of 

fine aggregate instead of Ottawa sand. 
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Table A-l: Calculation of Time Index on three different 
aggregate (500 grams of Material finer than sieve #8 through 
1/2 inch opening) 

Material Apparent Vol Trial Time Flow Rate STI 
Specific sec time/vol 
Gravity sec/lOOcc 

1 28.7 
2 27.0 

Fully 2.611 191.5 3 26.5 14.2 1.92 
Crushed 4 26.5 
(High STI) 

AVG 27.2 

1 21.5 
2 17.9 

Partially 3 20.5 10.3 1.39 
Crushed 2.564 195.0 4 20.5 
(Med STI) 

AVG 20.1 

1 14.1 
2 15.2 

Natural 2.638 189.5 3 16.0 8.1 1.09 
(Low STI) 4 16.0 

AVG 15.3 
1 

1 4.8 
Steel * 2 4.8 7.4 1.0 
ball bearing 7.731 64.7 3 4.8 

AVG 4.8 

* 71.9 grams of sample were used to determine specific 
gravity of ball bearings. 
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Summary of Result of Marshall Tests 



Table: B-l Result of Marshall stability test procedure with Vibratory 
Compaction, A-C 20 binder. 

Fine Agg Time %Asphalt Unit %Air % Flow Stability 
Index Content Weight Void VMA 10"2in Lbs 

gm/cc 

5.0 2.191 8.3 19.1 14 1680 
Low 1.09 5.5 2.205 7.1 17.9 14 1910 

6.0 2.237 5.2 18.0 16 2000 

5.0 2.202 7.5 18.3 18 1920 
Med 1.39 5.5 2.211 6.5 17.3 15 2030 

6.0 2.246 4.3 17.5 17 1930 

5.0 2.308 5.8 17.1 16 2090 
High 1.92 5.5 2.333 4.0 16.6 18 2230 

6.0 2.344 2.9 16.8 19 2030 

(Values shown are arithmetic average of three samples) 

00 



Table: B-2 Result of Marshall test procedure with Marshall Compaction, 
A-C 20 binder. 

Fine Agg Time %Asphalt Unit %Air % Flow Stability 
Index Content Weight Void VMA 10"zin Lbs 

gm/cc 

4.5 2.204 9.0 18.2 13 2120 
Low 1.09 5.0 2.215 7.4 18.3 15 2000 

5.5 2.253 5.1 17.0 14 2247 
6.0 2.234 5.0 18.4 14 1690 

4.5 2.140 10.7 20.1 12 1320 
Med 1.39 5.0 2.233 6.2 17.2 16 2290 

5.5 2.229 5.7 17.7 15 2210 
6.0 2.245 4.3 17.5 17 2220 

4.5 2.305 6.6 16.8 15 2480 
High 1.92 5.0 2.321 5.3 16.3 18 2610 

5.5 2.315 4.8 17.3 19 2410 

(values shown are arithmetic average of three samples) 

CD 
CO 



Table: B-3 Result of Marshall test procedure with Marshall Compaction, 
A-R 1000 binder. 

Fine Agg Time %Asphalt Unit %Air % Flow Stability 
Index Content Weight Void VMA 10'2in Lbs 

gm/cc 

4.5 2.181 9.0 18.5 16 2080 
Med 1.39 5.0 2.187 8.1 18.8 16 2060 

5.5 2.248 4.8 17.0 15 2890 
6.0 2.243 4.4 17.6 18 3090 

4.5 2.243 9.1 19.0 17 2830 
High 1.92 5.0 2.297 6.2 17.0 17 2980 

5.5 2.352 3.2 16.0 18 3220 
6.0 2.332 1.8 17.0 19 3110 

(values shown are arithmetic average of three samples) 



APPENDIX C 

Summary of Test Results for Creep Test And 
Photographic Presentation of Loading System 



Table: C-1 Results of creep test with constant asphalt content of 5.5% 
and different air void contents for three different types of fine 
aggregates at 104*F. 

High STI=1.92 
* 

A'V 6 Sm1x= */C 

(10"ft) N/M2(107) (psi) 

Med STI=1.39 

A-V e Sn.lx= °/e 

(10*4) N/Mz(107) (psi) 

5.5% AC—20 

A. V 

Low STI=1.09 

c Sm«x= °/e 

(10-A)N/M2(107) (psi) 

62.5 2.206 3200 
70.9 1.994 2820 

1.8 72.1 1.909 2770 
73.0 1.889 2740 
73.0 1.889 2740 

1.3 

75. 6 1. 820 2640 
80. 4 1. 716 2490 
81. 3 1. 696 2460 
82. 1 1. 682 2440 
82. 6 1. 668 2420 

3.0 

78. 5 1. 758 2550 
85. 5 1. 606 2330 
88. 4 1. 558 2660 
90. 5 1. 523 2210 
91. 8 1. 503 2180 

59.6 2.309 3350 
65.7 2.096 3040 

3.7 67.0 2.005 2980 
68.1 2.027 2940 
68.5 2.013 2920 

74.4 1.855 2690 
81.3 1.696 2460 

4.6 83.4 1.655 2400 
84.6 1.627 2360 
85.8 1.606 2330 

74.4 1.855 2690 
86.6 1.593 2310 

6.1 92.0 1.496 2170 
96.4 1.427 2070 
100.0 1.379 2000 

* Measured strain at 1.67, 15, 30, 45, and 60 minutes. 

00 
o\ 



Table: C-l Continue 

High STI=1.92 
* 

A-v 6 Sn,u= <>/* 

(10 4) N/Mz(107) (psi) 

7.5 

A.V 

Med STI=1.39 

Smlx= a/e 

(104) N/Mz(107) (psi) 

LOW 5TI=1.09 

A - V  c  S m l x =  ° / e  

(104)N/M2(107) (psi) 

67.4 2.048 2970 71.4 1.930 2800 73.3 1.882 2730 
71.6 1.924 2790 80.9 1.703 2470 87.7 1.572 2280 
72.4 1.903 2760 6.7 85.7 1.606 2330 8.2 98.7 1.399 2030 
72.8 1.896 2750 89.1 1.544 2240 111.8 1.234 1790 
73.2 1.882 2730 90.9 1.517 2200 — Failed — 

03 



Table: C-l Continue 

High STI=1.09 

A*v 6 s
mix= °/€ 

(10*4) N/M*(107) (psi) 

Med STI=1.39 Low STI=1.09 

A-V e Sm. = a / e  A.V c Snix= o / e  

(10*4) N/Mz(107) (psi) (104) N/M2(107) (psi) 

8 . 2  

65.5 2.103 3050 75.6 1.820 2640 
71.7 1.924 2790 96.7 1.427 2070 
73.3 1.868 2710 9.1 108.2 1.275 1850 
74.2 1.855 2690 112.1 1.227 1780 
75.1 1.834 2660 140.8 9.79* 1420 

*(106) 

9.2 Failed 

5.5% AR-1000 

3.7 

61.9 2.227 3230 74.8 1.841 2670 76. 2 1. 806 2620 
66.1 2.082 3020 84.8 1.627 2360 88. 9 1. 551 2250 
67.1 2.054 2980 6.3 88.0 1.565 2270 7.6 93. 5 1. 475 2140 
67.5 2.041 2960 90.2 1.531 2220 96. 7 1. 427 2070 
67.9 2.027 2940 91.9 1.503 2180 99. 8 1. 393 2020 

* Measured strain at 1.67, 15, 30, 45, and 60 minutes. 

00 
00 



Table: C-2 Result of creep test for different asphalt contents for three 
different types of fine aggregates at 104*F. 

Asphalt Content 4.5% 

High STI=1.92 

A-v € Sm1x= ff/€ 

(10-*) N/M*(107) (psi) 

Med STI=1.39 

A.V mix" o/e 

(10 4) N/M2(107) (psi) 

Low STI=1.09 

A-v € Smlx= °/e 

(10 4) N/Mz(107) (psi) 

62.7 2.199 3190 64.6 2.130 3090 69.5 1.986 2880 
69.0 1.999 2900 73.9 1.862 2700 80.6 1.710 2480 
70.5 1.958 2840 8.5 76.0 1.813 2630 8.8 83.8 1.648 2390 
71.0 1.944 2790 77.1 1.785 2590 85.5 1.613 2340 
71.6 1.924 2790 77.9 1.772 2570 87.0 1.586 2300 

8.7 

Height (inch) 
Density (g/cc) 

2.59 
2.252 

2.58 
2.193 

2.65 
2.196 

* Measured strain at 1.67/ 15, 30, 45, and 60 minutes. 

03 
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Table: C-2 Continue. 

Asphalt Content 5% 

High STI=1.92 Med STI=1.39 Low STI=1.09 

A - V  €  SmU= A. V C Sm.x= °/e A. V 6 Sm.x= °/e 

(10-*) N/Mz(107) (psi) (10 4) N/M2(107) (psi) (10 4) N/MZ(107) (psi) 

60.1 2.296 3330 69.5 1.986 2880 68.6 2.006 2910 
63.2 2.179 3160 77.8 1.772 2570 79.2 1.737 2520 

6.9 68.5 2.013 2920 7.6 80.1 1.724 2500 7.5 82.6 1.668 2420 
72.0 1.917 2780 81.5 1.689 2450 84.5 1.634 2370 
73.1 1.882 2730 82.7 1.668 2420 86.0 1.599 2320 

Height (inch) 2.55 2.55 2.63 
Density (g/cc) 2.280 2.200 2.211 

* Measured strain at 1.67, 15, 30, 45, and 60 minutes. 

\D 
O 



Table: C-2 Continue. 

Asphalt Content 5.5% 

High STI=1.92 

A'v e s»ix= ff/c 

(10**) N/M*(107) (psi) 

Med STI=1.39 

A.v 6 S„ 

(10*4) N/Mz(107) (psi) 

>m)x= */« 

Low STI=1.09 

A-V € S
raix= °/e 

(10 4) N/M2(107) (psi) 

65.3 2.110 3060 75. 2 1. 830 2660 68. 2 2. 020 2930 
73.5 1.857 2720 83. 3 1. 655 2400 77. 1 1. 786 2590 

4.6 77.2 1.785 2590 5.5 85. 4 1. 613 2340 5.4 81. 1 1. 703 2470 
75.4 1.827 2650 87. 1 1. 586 2300 83. 7 1. 648 2390 
75.6 1.820 2640 88. 4 1. 558 2260 85. 6 1. 613 2340 

Height (inch) 2.49 2.50 2.58 
Density (g/cc) 2.319 2.233 2.245 

* Measured strain at 1.67, 15, 30, 45, and 60 minutes. 

to 



Table: C-2 Continue. 

Asphalt Content 6% 

High STI=1.92 

A*v 6 s„u= a/€ 

(10 4) N/Mz(107) (psi) 

Med STI=1.39 

A. V e S„ 

(10-*) N/Mz(107) (psi) 

f f /6  

Low STI=1.09 

A ' V  e  S m i x =  f f / e  

(10-4) N/M2(107) (psi) 

65.9 2.089 3030 67.5 2.041 2960 73.1 1.882 2730 
68.8 1.999 2900 74.3 1.855 2690 82.0 1.682 2440 

2.2 69.9 1.972 2860 3.6 76.7 1.799 2610 4.9 86.0 1.599 2320 
70.1 1.965 2850 78.3 1.758 2550 88.6 1.558 2260 
70.1 1.965 2850 79.4 1.737 2520 90.3 1.524 2210 

Height (inch) 2.42 2.42 2.58 
Density (g/cc) 2.361 2.262 2.240 

* Measured strain at 1.67, 15, 30, 45, and 60 minutes. 

10 
to 



Table: C-3 Determination of stiffness of bitumen for two grade of asphalt 
and different time period at 104*F. 

Asphalt A-C 20 AR-1000 

T800pen 61 C 53 C 

time (sec) 
Sb,t N/m2 SbJt N/m2 

100 2000 600 
1000 300 50 
1900 150 30 
2800 100 20 
3600 80 10 

to 
w 
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Fig: C-4 Loading system for creep test at 104"F. 



Fig: C-5 Creep test in progress, 20 psi, 104° 



Fig: C-6 Placement of polished specimen 
between glass platens. 
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Fig: C-7 Failed specimen of mixture containing 
natural sand at higher air void content. 
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