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process of refining. Physical properties of the asphalt cement are 

shown in Table I. 

TABLE I 

PHYSICAL PROPERTIES OF ASPHALT CEMENT 

Characteristics 

Penetration. 77 F, 100 g, 5 sec 

Ductility, 77 F, cm 

Viscosity at 275 F, Kinematic, cST 

Thin Film Oven Test 
Penetration After Test, 77 F, 100 g, 5 sec 

Percent of Original 
Ductility After Test 77 F, cm 
Average Weight Loss 

Percent of Original 

Specific Gravity, 77/77 F 

Softening Point, F 

Flash Point, F 

1
1972 Book of ASTM Standards, Pa rt 11 , ( 1 ) . 

Aggregates 

ASTM
1

Method 

05 

0113 

02170 

01754 
05 

0113 
01754 

070 

02398 

092 

Test 
Value 

93 

150+ 

400 

60 
64 
150+ 

+0.018

1 .003 

118 

580+ 

4 

The aggregates sampled are from a wide range of sedimentary rock 

types. The oldest rock is an Ordivician limestone; the chert is Missis-

sippian in age; one limestone and two sandstones are Pennsylvanian in 

age; one sandstone and the conglomerate are Permian and the youngest 

three aggregates are Quaternary gravels. The aggregates are identified 



·--

as to location, geologic unit, geologic age (period) and general aggre­

gate classification and are shown in Table II. 

The Oklahoma Highway Department (OHD) has performed standard 

physical tests on similar aggregates prior to using them in highway 

construction work. Records of the OHO were examined and representative 

test values for the physical properties of the aggregates obtained. 

These values are shown in Table III. Chemical analysis of some rock 

types sampled were also available from the OHD and are reported in 

Table IV. 

5 

The aggregates that were chosen for study represent major sources 

of material available for highway construction in Oklahoma. The aggre­

gate samples wer.e secured by visiting each source and procuring a sample 

from stockpiles at the site. Approximately 150 lb of material of each 

aggregate type were obtained, representing a size gradation from the 

3/4 in. to the No. 10 sieve. 

The petrographic description of the limestones and sandstones are 

based on the study of thin sections and acid etched slabs by Willard 

Mccasland. General quarry or pit descriptions of interest are given. 

The aggregat�s are identified by the town adjacent to their location. 

For purposes of description, the aggregates are divided into four groups: 

limestone, sandstone, chert, and gravel. 

Limestone 

A limestone is a bedded sedimentary deposit consisting .chiefly of 

calcium carbonate. Limestone is generally of marine origin and the 

remains of sea-living organisms may be common. 
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Oklahoma has abundant limestone sources in some sections of the 

state. Since limestone was considered to be highly resistant to 

stripping, one limestone (Cooperton) of high purity was chosen for use 

as a basis for comparing relative stripping tendencies with other 

aggregates. Two other limestones of decreasing calcium carbonate con­

tent, i.e., decreasing purity, were also studied. 

9 

Cooperton. This material came from the folded limestones and 

dolomites of the Arbuckle Group that form hogbacks in northeastern Kiowa 

County. These hogbacks are generally known as the Limestone Hills Area 

of the Wichita Mountain Uplift. The quarry working face is about 210 

feet high, out of a massively bedded limestone ridge which stands about 

300 feet above the surrounding terrain. The structural dip of the 

formation was about 20 degrees north. 

The rock is a gray to mottled gray and buff colored, very fine­

grained, fossiliferous, hard limestone. The Cooperton specimen con­

tains 32 per cent pellets and oolites, ranging in size from 0.05 to 

1.0 mm, with a median size of 0.35 mm. Grains are 100 per cent rounded, 

medium to tightly packed, well sorted and are cemented with sparry 

calcite. Micrite composes 30 per cent and dolomite 3 per cent. There 

are a few veins which are filled with calcite. The rock fractures 

along the calcite vein. There is no evidence of shale within the quarry 

site. The rock is classified as biopelsparite using the Folk (2) system 

and packstone using the Durham (3) system. 

Stringtown. This sample consists of about 60% tannish-gray to 

chocolate brown, fine-grained limestone, 30% dark grayish-brown chert, 

and 10% sandy shale. These were present in alternating layers about 1 

in. in thickness. 
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Aggregate Specific Gravity Tests 

The use of a proper specific gravity of aggregate is of paramount 

importance in the design of bituminous mixtures. In order to obtain a 

true comparison between the theoretical density and the actual density 

of a bituminous pavement, the specific gravity of the aggregate blend 

must be accurately determined. Two conventional specific gravities have 

been used by various agencies and highway departments. These are the 

bulk specific gravity and the apparent specific gravity. Depending upon 

the water absorption of the aggregate, the proper specific gravity ranges 

between the bulk and the apparent specific gravity. Because aggregates 

absorb bitumen to a variable extent, the two conventional specific grav­

ities have proven unsatisfactory for general use with porous aggregates. 

Bulk Impregnated Specific Gravity 

Ricketts et al (16) conducted an evaluation of the two conventional 

specific gravities for non-porous to very porous aggregates. From this 

study evolved the concept of bulk impregnated specific gravity, which is 

a function of the ratio of bitumen absorption to water absorption of an 

aggregate. Bulk impregnated specific gravity, SGbi' is defined as "the

ratio of the weight, A, in air of a given volume of a permeable aggregate 

(including solids, impermeable pores, and pores normally permeable to 

water but which are variable permeable to bitumen) at a stated tempera­

ture to: the weight in air of an equal volume, Vt, of distilled water

at a stated temperature minus the weight of the volume, Vb' of bitumen

absorbed by pores which are permeable to it, 11 or: 

A SGbi = V - V t b 



If 

a 

's 

on 

ons 1 

n 

same as 

es 

C 

an 

C 

i 

i 

on 

(19) 

no ' i k 

k 

a 

1 

0 

i i 

i 

i 



in. sieve 

s C 

k 

x. 

k s i C 

::::: 

= 

= 

:::: 

mum 

l ce ( 

mum s

s 

was in a 

water 

was 

ease 

11 

was 

on 

C 

C 

C 

C 

C 

on: 

eve, 

sieve 

ve 

ne 

a 

liceous 

t ( 

ze 

x) 

was com-

in a ven 

sizes 

zes 

zes 

e vacuum 

was 

C 



= 

re ::::: mum C 

A :::: es in r 

D = 11 wa 

E ::::: ask 11 

s was 

s as as 

D 1 was 

s mum 

were 

es mens. 

s mens were us C 

C k i 

C 



a 

In some i 

s 

ve 

e VIII 

( 

as 

4 

1 i 

s 

t 

4 l t 

was to 

a 

l 

V 

are 

s 

r 

on 

ue, 

s i1 i ceous 

III, 

liceous 

in 

t 

on 

X 

res 

ar 

t 

incor­

; 

ces. 

ue, 

exact 



VII I 

Insol Stabilomcter Value Cohesiometer Value Percent Density 

Residue at at of 

Percentage Ootimum Optimum 
(PL� J 

na 4.25 42 192 96.5 

Asi1er 20 4.25 42 183 96.3 

Che rt Sra ve 1 4.25 38 187 96.2 
40 4.25 37 164 96.2 

20 4.50 39 163 96.5 

Chert 30 40 167 97.0 
40 4.50 38 185 96. 7 

20 4.50 42 96.5 

30 4.50 41 

40 4.50 56 

Strinotown 20 4.25 42 77 96. 3

Limes tone 30 4.25 41 162 96.3 

40 4.25 40 75 96 .1

20 4.25 39 196 96.4 

30 4.25 40 266 96. 7
40 4.25 96.6

20 190 96.5 

Gravel 30 4.00 307 98.2 
40 00 296 97 .5 

Gore 4.00 40 3l1 97 .6 
30 36 302 97 .o 

Gravel 40 4.00 41 323 97. 7

20 38 

Gravel 
4. 36 

40 4.00 37 301 97 .8 

4.00 44 275 97.0 
K�ota 30 4.00 44 96.6 

394 97 .6 
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Sample 

Cooperton 

TABLE X 

PHYSICAL PROPERTIES AND IMMERSION-COMPRESSION 
TEST RESULTS FOR 100% COARSE SILICEOUS 

AGGREGATE MIXTURES MOLDED BY 
MODIFIED PROCEDURE 

AC 
Water Absorbed Bulk Dry 

(%) 
% Specific Str. 

(vacuum sat.) Gravity (psi) 

4 3. l 2.326 203 
5 1.5 2.375 214 

Stringtown 4 2.3 2.249 246 
5 2.2 2.289 248 

Cyril 4 3.5 2.298 251 
5 l. 7 2.346 248 

Keota 4 2.4 2. 192 226 
5 2.3 2.248 236 

Ona pa 4 5.6 2.144 250 
5 2.7 2. 194 290 

Asher 4 3.6 2. 189 249 
5 1. 7 2.237 252 

Broken Bow 4 3. 1 2.286 233 
5 1.4 2.337 238 

Gore 4 2.3 2.238 250 
5 l. 5 2.282 254 

Hugo 4 2.2 2.266 182 
5 2.2 2.324 186 

Miami 4 3.0 2.244 235 
5 2.2 2,290 241 

63 

Retained 
Strength 

(%) 

114 
116 

95 
102 

88 
l 06 

80 
97 

66 
76 

95 
104 

94 
106 

80 
96 

99 
105 

89 
l 01 
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The relatively poor density results obtained using bulk impregnated 

specific gravity values is attributed to operator error and inexperience 

in performing this particular test. Apparently, all entrapped air was 

not removed in the stirring operation. However, if this test procedure 

is to be used with aggregate mixtures containing large percentages of 

siliceous materials it might be desirable to carefully check the results. 



CHAPTER VI 

CONCLUSIONS AND RECOMMENDATIONS 

Conclusions 

Based on the test procedures employed and the materials used in 

this study, the following conclusions can be made: 

1. Incorporating various percentages of acid-insoluble material, i.e.,

siliceous aggregates, in the standard surface course mixture had

little or no detrimental effect on the stability of the respective

mixes.

2. The siliceous aggregates had no apparent effect on the cohesion or

tensile strength of the respective mixes. In all cases, cohesio­

meter test values were well above the reco111Tiended minimum value of

50.

3. Selection of the exact mid-point gradation of the Type B specifica­

tion limits resulted in a very dense-graded blend of aggregate

having a low VMA value in the compacted state and relatively low

optimum asphalt content. In several instances, particularly in the

gravel aggregates, these conditions produced "critical'' mixtures.

A slight coarsening of the gradation would remedy this situation and

permit the use of higher asphalt contents.

4. The modified immersion-compression test can be used to evaluate

the stripping tendencies of aggregate mixtures conforming to OHD
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surface course specifications. Air void content of compacted 

asphalt-aggregate mixes greatly influences the results of this test. 

Obtaining meaningful data requires a reduction of compactive effort 

in molding the test specimens and some type of vacuum-saturation 

process to thoroughly soak the molded specimens. 

5. The surface reaction test provides a quantitative measure of exposed

surface area in a stripped aggregate sample. This test used in

conjunction with a dynamic stripping procedure and the static

immersion stripping test at 140 F can also be used to determine

relative stripping tendencies of surface course aggregates.

6. Of the three methods employed to determine the maximum specific

gravity of an asphalt aggregate mixture, Rice's method resulted in

more realistic or acceptable values of percent density for the

compacted specimens.

Recommendations 

In view of the results of this research, the following reconmenda­

tions are presented: 

1. Perform a field evaluation of these same siliceous aggregates to

determine their actual performance in an asphalt pavement test

section. The validity of the laboratory test results and the

relative rJnkings assigned to the respective aggregates could

then be ascertained. Knowledge of how well these aggregates perform

under service conditions would be of great assistance in any future

work in this area.

2. Investigate the effects of various additives to increase the stripping

resistance of these Oklahoma siliceous aggregates. Results of the
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MOLDING PROCEDURE USING MOTORIZED 

GYRATORY COMPACTION DEVICE 

1. The asphalt-aggregate mixture should be compacted at 250 F ± 5 F.

The mold and base plate are heated to approximately 250 F prior to

molding. Place base plate inside mold and insert a paper disc in

the bottom of the mold.

2. Using a funnel and bent spoon, place the hot asphalt-aggregate mixture

into the mold in three equal layers, lightly tamping each layer.

After placing all the mixture in the mold, use a spatula to move any

large particles away from the sides of the mold. Place a paper disc

on top of the mixture.

3. Slide the mold and contents onto the rotating platen and center it

beneath the ram of the press. Pump the ram down into the mold until

a pressure of 50 psi is read on the low pressure gage.

4. Pull the cam-lever down cocking the mold to the angle of gyration.

Flip the reset switch and press the start button. The mold will

gyrate through three complete revolutions.

5. When the mold stops, raise the cam-lever and level the mold. Immed­

iately apply 50 psi pressure with full strokes of the pump handle and

continue this procedure until one full stroke of the pump causes the

low pressure gage to indicate a pressure of 100 psi or more.

6. When 100 psi is obtained with one full stroke off the pump handle,

apply a 2500 psi leveling pressure by continuing to pump the handle

at approximately one stroke per second.

7. As soon as the high pressure gage registers 2500 psi, reverse the

control valve and release the vertical pressure slowly. Remove the

press ram from the mold by pumping the handle to raise the ram.
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