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ii ior Eos OF LAE RESIDUES” OF 
90-60 AND 85-100 PENETRATION ASPHALTS 

FROM OVEN TESTS AND EXPOSURE: | 
BY THE DIVISION OF TESTS, PUBLIC ROADS ADMINISTRATION 

Reported by R. H. LEWIS, Chemist, and J. Y. WELBORN, Assistant Highway Engineer 

HIS REPORT de- 
scribes a continuation 
of studies previously 

reported, (11)? together 
with the results of tests on 
other asphalts before and 
after their incorporation in 
hot paving mixtures pre- 
pared in laboratory and 
plant mixers. 

Since the early days of 
the asphalt paving industry 
some form of laboratory 
heat test has been used in 
specifications for asphalt ce- 
ments to indicate the prob- 
able hardening of the as- 
phaltic binder when sub- 
jected to high temperatures 
and to exposure in service. 
In 1897 Allen W. Dow 
enumerated essential char- 
acteristics that asphalts 
should have to insure satis- 
factory pavements. Among 
the many desirable proper- 
ties, he included stability 
when exposed to high tem- 
peratures for appreciable 
periods of time. Although 
at that time there were no 

In recent years the value of the standard oven heat 
test for the prediction of the probable hardening of 
asphalts in the mixing and laying operations and under 
service conditions has been seriously questioned. 

Many investigators have resorted to oxidation tests 
to study the hardening and weathering properties of 
asphaits. Specifications are now in use that limit the 
loss in penetration and ductility that an asphalt can 
undergo either in a laboratory mixing test or in a plant- 
prepared hot-mix surfacing sampled immediately after 
laying. 

This report presents the results of tests on 50-60 and 
85-100 penetration asphalts made on the residues from 
the standard oven test as well as on the residue from 
50-gram samples exposed to the same cenditions in 
films approximately 1g inch thick. Changes in the 
properties of 85-100 penetration asphalts after exposure 
in 14-inch films for 15 weeks during the hot summer 
months are alse shown. 

Although the residues from the standard oven test 
are not greatly altered, the residues from the 14-inch 
film oven tests, especially in the case of some 50-60 
asphalts, are highly altered. Results of tests on the 
residues of 50-60 asphalts from the thin-film oven tests, 
when compared with the results of tests on bitumens 
extracted from both laboratory-prepared mixtures and 
from mixtures from commercial paving plants, indicate 
that the 14-inch film oven test produces alterations in 
the asphalts similar to the changes in properties that 
occur during the mixing process. It is believed, there- 
fore, that a thin-film oven heat test may prove of value 
in predicting the probable behavior of asphalts under 
processing and service conditions. 

hardening of the asphalt 
by comparing the penetra- 
tions of the two recovered 
residues. 

Although there is no ree- 
ord of this method having 
been used in specification 
requirements,itis ofinterest 
because so many present- 
day investigators have re- 
sorted to similar types of 
tests to study the behavior 
of asphalts in the process- 
ing of hot-mix pavements. 

VALUE OF STANDARD LOSS ON 
HEATING TEST QUESTIONED 

Before 1911 many differ- 
ent methods were used to 
determine the loss on heat- 
ing and the drop in pene- 
tration. Temperatures, 
time of heating, size of 
containers, and methods of 
heating varied  consider- 
ably. In 1911 the Ameri- 
can Society for Testing 
Materials issued a provi- 
sional method for the de- 
termination of the loss on 
heating of oil and asphaltic 

standard tests for asphalt cements, Dow suggested the 
following methods for determining the stability of as- 
phalts at high temperatures. 

Method 1.— Weigh 20 grams of asphalt into a 2-ounce 
glass retort and place this in an air bath at a tempera- 
ture of 400° F. for 30 hours. Determine the loss of 
weight and measure the consistency of the residue 
with a penetrometer. 

Based on this method, the specifications of the 
District of Columbia for 50 to 120 penetration asphalts 
required that the loss of heating should be not more 
than 8 percent and that the percentage of original 
penetration retained should be not less than 75. The 
relatively high loss permitted was, no doubt, due to 
the use of fluxing oils in the preparation of asphalt 
cements from hard native asphalts. 
Method 2.—Mix the asphalt and sand, in the propor- 

tions to be used, at a temperature of 300° F. Divide 
the finished mix into two parts. Allow one part to 
cool to room temperature, and hold the other part at 
300° F. for 30 minutes and then allow it to cool. Ex- 
tract the asphalt from the two mixtures with carbon 
disulfide and recover the asphalt by distilling to a 
maximum temperature at 300° F. Determine the 

2 Italic figures in parentheses refer to bibliography, p. 46. 

301449—41——1 

compounds, in which a 20-gram sample was placed in a 
flat-bottomed tin 6 centimeters in diameter and 2 centi- 
meters deep, and heated for 5 hours at 163° C. (825° F.). 

In 1916 the loss on heating test was made A. S. T. M. 
Standard Test Method D6—-16. The size of the sample 
tested was increased to 50 grams, and the 3-ounce tin in 
use today was specified. The oven temperature and 
time of heating were unchanged, being respectively 
163° C. (825° F.) and 5 hours. Although there have 
been refinements in the testing oven from time to time, 
the basic conditions of the test method (D6—16) have 
not been altered. The present A. S. T. M. designation 
for this test is D6-39T. 

In recent years the value of the standard oven test for 
predicting the probable hardening of asphalts in the 
mixing and laying operations and under service con- 
ditions has been seriously questioned. Victor Nichol- 
son (1/4) has stated that use of the 50-gram sample 
does not give as sharp a differentiation in the hardening 
properties of asphalts as the 20-gram sample did. He 
has also stated that the properties of asphalts recovered 
from pavements cannot be correlated with the test for 
loss on heating and that the test is retained in the speci- 
fications of the City of Chicago merely to check the 

1 Paper presented at the meeting of the Association of Asphalt Paving Technologists, Dallas, Texas, December 9-13, 1940. 
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hardening action of heat on the asphalt in the storage 
kettle at the paving plant. 

Raschig and Doyle (17) concluded, after examination 
of the extracted bitumens from paving mixtures im- 
mediately after mixing and after various periods of 
service, that an asphalt that showed an excessive drop 
in penetration after the standard loss on heating test 
would probably have an unsatisfactory service record. 

In the previous report (1/7) it was noted that all the 
asphalts of both the 50-60. and 85-100 grades had lower 
percentages of loss in the standard oven test and re- 
tained greater percentages of their original penetration 
than were required by the most stringent specification. 
The range in the percentage of loss on heating and 
the drop in penetration was too narrow to evaluate 
adequately the probable hardening properties of the 
various asphalts. 

The inability of the present test for loss on heating to 
furnish adequate indications of the hardening oj as- 
phalts in the mixing operation and in service has led to 
numerous inv estizations of this problem by laboratory 
mixing methods, oxidation tests, and the study of mix- 
tures freshly laid and after service in the pavement. 
An excellent bibhography on the behavior of asphalts 
during the processing of mixtures and in service is 
appended to a report by J. R. Benson ce The work 
of F. C. Lang and T. W. Thomas (6), C. L. Shattuck 
(19), and the reports by H. A. Jvhlin (5), EB. B. Tucker 
(21), R. Vokae (22), J.G. Schaub and W. K. Parr (18) 
are additional evidence of the interest in this particular 
subject. 

Steinbaugh and Brown (20), in enumerating the 
major causes for the cracking of asphalt pavements, 
concluded that the failure of surfaces because of exces- 
sive oxidation or ‘‘loss of life’ of the asphaltic binder 
was difficult to control or to predict. They added that 
the changes in the asphalt residue from the oven heat- 
ing test may approach the changes that take place 
during mixing and laying; but they doubted whether 
the oxidation of the mass of asphalt in the test sample 
is similar to that occurring in a paving mixture, with 
the asphalt in the film stage. For this reason, they 
concluded that it must be demonstrated that an oven 
heat test can give significant results. 

RESIDUES FROM STANDARD AND THIN-FILM OVEN TESTS 

COMPARED 

The information obtained from the standard oven 
test has been limited to loss of volatile matter and drop 
in penetration. This study was undertaken to deter- 
mine if a better evaluation of the relative durability of 
asphalts might be made with other tests on the residues 
from the standard oven test or on the residues from an 
oven test so modified as to accelerate the changes that 
occur. 

The study was made with the same asphalt cements 
of the 50-60 and 85-100 penetration grades that were 
included in the previous investigation (11). The 
sample identification numbers used in this report are 
the same as those used in the previous report and 
these numbers, together with the designated grade, 
will be used to identify the various asphalt cements. 

This investigation included tests on the residues 
obtained from the standard test for loss on heating 
(A.S.T.M. Method D6-39T) and from oven tests made 
with the asphaltic material exposed in a film \-inch 
thick. Tests on the residues of the 85-100 penetration 
asphalts after exposure to light, heat, and air, were also 

made. Throughout this report the above tests will be 
referred to, respectively, as the standard oven test, the 
thin-film oven test, and the exposure test. Compara- 
tive data on the physical properties of other asphalts 
before and after subjection to the thin-film oven test 
and after extraction from mixtures from hot-mix pave- 
ments and from laboratory mixtures prepared by the 
Shattuck method (19) will be presented. 

The test procedure used in making the thin-film oven 
tests was as follows: 

Fifty milliliters of the asphalt to be tested were 
weighed into a flat-bottomed aluminum container, 5.5 
inches in inside diameter and % inch deep. This vol- 
ume gave a film thickness of approximately 1}, inch. 
A special rotating shelf was installed in the oven to 
carry four of these 5.5-inch contaimers. In other par- 
ticulars the testing procedure of the standard oven test 
was followed. 

In order further to accelerate the effects of exposure to 
high temperature, the thin-film test was modified in 
some cases by using aluminum containers 7.78 and 11.0 
inches in diameter, in which 50 milliliters of asphalt 
gave film thicknesses of approximately }{, and /%» inch, 
respectively. The larger containers were placed on a 
special stationary shelf immediately below the rotating 
shelf. 

In order to determine the effects of outdoor exposure 
on asphalt cements, the 85-100 penetration asphalts 
used in this investigation, with the exception of sample 
40, were exposed out of doors, under glass, to the action 
of ‘sunlight, heat, and air, under conditions similar to 
those of previous investigations that have been reported 
(7, 8,9, 10). The asphalts were exposed in }-inch films 
in’ containers 5% inches in diameter for oh period of 
15 weeks ihre the summer months. 

The temperatures of the air and asphalt within the 
exposure boxes were recorded continuously during the 

| entire 15 weeks by means of automatic temperature 
recorders. One element of the recorder was placed 
in the air and the other element was immersed in a 
container of asphalt. The range and average in 
maximum and minimum daily temperatures for both 
the air and asphalt are given in table 1. As determined 
from United States Weather Bureau reports, the as- 
phalts were subjected to 875 hours of sunlight during 
the 15-week period. 

TaBLeE 1.—Range of and average daily maximum and minimum 
temperatures during exposure of 85-100 penetration asphalts 

| 

Maximum temper- Minimum temper- 
ature ature 

Air! | Asphalt 2 Air Asphalt 

oR. oR Ae Suhr 
Maximuiits 6 eee ree 195 | 210 75 75 
Minimum = ss, ee ee eee 70 | 70 40 45 
A VOTRE 6.2 oe ee 168. 2 | 175.6 60. 1 62.4 

1 Recorder placed in air inside exposure box. 
2 Recorder placed in asphalt inside exposure box. 

DROP IN PENETRATION IN OVEN TEST NOT DUE TO VOLATILITY 

Steinbaugh and Brown (20) have shown the effect 
of the mixing operation on the penetration and ductility 
of asphalts, and Shattuck (19) has included the determi- 
nation of the softening point in his investigation. 
These tests, as well as the determination of organic 
matter insoluble in 86° B. naphtha, were made on the 
residues from both the standard and thin-film oven tests 
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and on the residues from exposure. The exposure 
residues were also tested for penetration at 95° F. 
(35° C.), organic matter insoluble in carbon tetrachlo- 
ride, and the reaction to the Olensis test, including 
the determination of the xylene equivalent. 

The physical properties of the 50-60 and 85-100 
penetration asphalts before and after the oven tests 
are given in tables 2 and 3, respectively. The results 
of tests on the 85-100 penetration asphalts after ex- 
posure, as well as the results of special tests made on 
the original materials, are shown in table 4. 

In order to indicate the extent of the alterations in 
test characteristics that occurred in the asphalts during 
the oven and exposure tests, the test results given in 
tables 2 to 4 have been expressed as percentages of the 
test results for the original materials. These percent- 
ages for penetration, softening point, ductility, and 
insolubility in 86° B. naphtha are shown for the 50-60 
asphalts in table 5 and for the 85-100 penetration 
asphalts in table 6. 

In figures 1 to 6, the percentage of original penetra- 
tion, the softening point, and ductility values are shown 
by bar diagrams. The figures give a graphical pres- 
entation of the relative behavior of asphalts from each 
source. Figures 1 to 3 show the source of the base 
petroleum in relation to the effect of the oven tests on 
the penetration, softening point, and ductility of the 
50-60 penetration asphalts. Figures 4 to 6 show the 
same data for the 85-100 penetration asphalts, as well 
as the same test data on the exposure residues. Aver- 

age values for each test for the asphalts as a group are 
indicated for each condition of test. 

The test results given in tables 5 and 6 show that the 
loss by volatilization in the standard oven test was very 
low. Only one asphalt, sample 40 of the 50-60 and 85— 
100 grades, had a loss of more than 0.25. The loss by 
volatilization during the thin-film oven test was not 
much greater in many cases than the loss in the standard 
oven test. There were 17 asphalts of the 50-60 grade 
that had lower losses in the thin-film oven test than in 
the standard oven test, and the residues of 9 asphalts 
increased in weight during the testing period. For the 
85-100 penetration grade, 14 asphalts had lower thin- 
film oven losses than were obtained in the standard test 
and 11 of these gained in weight in the oven. Those 
asphalts of both grades that gained in weight when ex- 
posed in thin films had low losses in the standard oven 
test. Those asphalts with relatively high losses in the 
standard oven test had still higher losses in the thin- 
film oven test. Considering the penetration drop under 
both tests, it is apparent that for petroleum asphalts 
the relative hardening of the asphalts cannot be cor- 
related with the volatility of the materials in the oven 
heat tests. 

As shown in table 5 and figure 1, the percentage of 
original penetration retained by the residues of the 50— 
60 asphalts in the standard oven test varied from 70 
to 94 with an average of 85. The residues from the 
thin-film oven test retained from 38 to 73 percent, with 
an average of 62 percent, of the original penetration. 

TaBLE 2.—F ffect of the standard and thin-film oven tests on the 50-60 penetration asphalts 

Original asphalt Standard oven test Thin-film oven test 

Tests on the residue Tests on the residue 

Identification No. | Henetra- Duetility | Oreamic 5 
77° BF Soften- | at 77° F., rmectaniels Change | Penetra- Dacian Organic | Change | Penetra- Ductility Organic 
100 em. ing point | 5 em. per in 86° Bp, |in weight tion at Seiienns lan 770 F., |. ales in weight Sang Softenselat 77° F., hacire 

5 sec. ania. naphtha 100 2) ing point | 5 ae per Ree ~ a em., ing point | 5 eres ee ie 

5 sec. in. | naphtha 5 sec. im. | naphtha 

Hilt Cm. Percent | Percent Ya. Cm. Percent | Percent HOE Gm, Percent 
jet GY 119 250+ 10.7 —0.13 48 120 250+ 1175 —0. 40 33 125 250+ 14.5 
Do fe 61 118 250+ 10.6 —.05 50 120 250+ 11.8 —.04 36 126 250+ 14.3 
Shen eh a 61 118 250+ 10.0 —.05 50 121 250+ 14.3 Ok 39 125 250+ 14.0 
LL 3 ee eee 60 118 250+ 11.8 —.06 50 120 250-+ 12.7 =08 38 125 250+ 15. 2 
eee et ag ee 58 120 250+ 12.6 —.07 46 122 250-++ 14, 2 —.06 31 129 2—0+ 17.4 
oo. a 2 52 126 250+ 18. 1 —.06 46 130 250+ 19.5 —.00 35 137 129 21.5 
ent ee 58 132 197 28. 2 =i 49 134 235 29.8 —, 26 38 141 73 29.0 
cha Ee ee ae ee 56 130 68 30.9 =, AL 46 139 19 32.0 —, 22 34 152 8 35. 2 
H) 5. Ae Se 53 132 218 29.3 —.08 46 139 175 BW) =~ 20 35 145 98 a4 ey 
LU at ee 56 131 215 28.8 — sit? 45 139 200 30. 1 —, 34 33 145 70 32.2 

ih... 5S Ss 54 132 180 28.1 —.11 44 137 140 sitll —.26 30 146 52 34.1 
ie ee ree 55 132 250+ 28.0 —.06 46 135 140 29.8 Hilly 34 144 118 31.4 
LSit4 2 ee ee 51 132 140 27.5 =. 11 tt 139 23 29.8 —. 24 31 152 8 30.7 
Leer ta cee eS 52 126 250+ 21.7 01 46 130 250+ 2352 +. 09 33 135 200 24.9 
i... ee eee 52 126 181 24.8 —.02 7 132 97 25.8 —.00 27 140 30 28. 4 
i a 48 132 57 25.6 —.03 41 139 24 26.8 —.03 31 148 10 28.8 
iV a SS re 48 128 250+ 22.9 —.02 43 133 160 23. 6 —.02 34 140 92 23.8 
he 51 129 250+ 24.8 —.05 46 132 140 25.9 —. 06 34 140 68 28.9 
OY): se 57 125 220 19.7 —.00 49 129 250+ 20.6 +. 10 39 133 240 22.3 
ie. Gans Soe ee 58 137 36 30.8 —, 12 53 140 22 27.8 —.46 39 146 8 29.8 

VA Me eS el a 57 130 232 24.2 —.02 50 131 160 24.3 +. 05 40 138 41 25. 4 
Ji} <0 Dl a a 87 137 96 27.9 —.04 48 138 41 205 = 00: 40 145 18 29.1 
26t., - 60 120 202 21.6 —.10 42 128 24 24.4 —.21 30 142 8 24. 0 
Ly ee ee 54 131 84 20. 4 —.04 48 137 29 21.1 —. 61 38 144 12 Pp Tey fi 
lS SSeS 58 127 116 Lio3 —_ 07 49 135 84 18.6 —, 00 38 137 38 18.7 
2 = 53 129 78 25. 4 —.09 44 137 23 26. 4 —.20 33 143 11 25.4 
2) 2S ee 49 131 226 19.3 —705 43 136 112 21.0 +. 03 32 141 32 21.1 
er were ee 58 126 244 23. 0 —,12 45 132 90 25. 1 —.36 31 138 19 24.3 
SE) oe.) 4 Skee 48 131 170 23.3 —._03; 45 135 58 23.6 +.05 34 138 28 26.3 

3). ea 59 133 41 30. 2 —.08 51 140 22 31.9 —.25 34 152 8 32. 5 
Up a 49 128 159 21.4 —-.05 44 135 44 22.3 +. 08 33 137 24 23.8 
Sih. oS 46 127 27 24.5 —.04 40 140 8 27.8 +.05 33 152 6 ek 
vb 5 ae 58 128 112 28. 5 —.05 46 136 53 30. 2 —.04 32 148 ll 32.5 
To. i ee 57 123 219 19.1 —.06 52 126 230 19.4 —.10 41 129 165 20.9 
it a oe 55 125 190 20.9 —, 07 50 129 131 19.6 +.02 40 136 61 221 
2 i a 52 132 137 27.0 —.06 44 139 58 29. 2 —.13 31 146 25 30. 2 
VILS ea 55 132 120 25.7 —.08 46 140 20 27.6 —.20 36 146 11 29.3 
I. 2s oar 47 129 121 23.0 —.05 44 130 160 24.9 —.07 23 141 19 27.0 
CD. = 4. 50 123 250+ 31.9 —.48 37 135 92 31.9 —2.09 19 153 6 31.4 
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SOURCE OF BASE PETROLEUM 

Hole DOMESTIC KNOWN 

FiGurE 1.—Source oF THE Base PETROLEUM IN RELATION TO THE EFFECT OF Oven Heat TESTS ON THE PENETRATION OF THE 

TABLE 3.—Effect of the standard and thin-film oven tests on the 85—100 penetration asphalts 

50-60 PENETRATION ASPHALTS. 

Identification No. 

Original asphalt Standard oven test Thin-film oven test 

Tests on the residue Tests on the residue 

Penetra- ons Organic — 
: Ductility 

tion at matter é : 
sar Soften- | at 77° F.,|. Change | Penetra- 7 Organie | Change | Penetra- -. | Organic 
ie F.. ling point |5 cin. per | Soluble jin yeight| tion at g a matter | in weight} tion at | gorten- D ae matter 

oul min in 86° B. 77° F., | Soften- | at 77° F., | insoluble 77° F,, |, notten- | at 77" F., | insoluble 
5 see. : naphtha 100 em. ing point | 5 cm. per in 86° B. 100 em., ing point | 5 cm. per in 86° B. 

5 sec. geal naphtha 5 sec. Tn naphtha 

af Cm. Percent | Percent Sahl. Cm. Percent | Percent OR: Cm. Percent 
85 hs 223 10. 5 —0. 16 69 114 250+ 11.8 —0. 55 48 121 250+ 13.2 
96 111 193 10.1 —.07 79 113 240 13.0 —.17 54 119 215 13.7 
95 112 204 9.9 —.07 80 113 190 13.2 —.14 56 119 244 13 8 
92 112 227 11.5 —.08 as 115 250+ 13.6 —.21 55 120 250+ 14.7 
91 113 197 14.7 —.08 74 116 245 16.7 —.15 47 123 250+ 19.7 
92 117 185 14.3 —.05 73 120 250+ 17. 5 +. 04 58 124 210 17.6 
96 120 220 26. 4 —.10 76 124 160 29. 4 —. 44 55 133 132 30.0 
96 121 102 28.0 —. 21 66 129 50 31.1 —. 46 43 144 11 33.0 
96 121 230 26. 2 —.13 (4) 125 182 29.7 —. 55 51 135 106 30.3 
95 121 192 26. 4 —.19 7 126 162 29.7 —. 68 49 136 125 32.3 

97 119 209 26.4 —.12 75 124 193 29.7 —.41 51 134 143 31.0 
97 119 242 25.5 — 3 74 124 240 29.7 —. 45 52 132 130 30.9 
94 117 192 23.1 —.05 70 123 220 26.1 —.1l1 47 133 34 27.8 
95 115 192 20. 4 —.01 73 119 205 22:3 +. 08 56 124 212 23.0 
92 115 187 21,7 —. 04 71 121 245 25. 2 +. 01 52 126 205 25. 4 
94 117 107 22.0 —.03 72 123 65 24.7 —.00 55 128 53 25. 8 
92 118 191 18.0 —. 04 72 121 190 22.7 —.04 57 127 252 22.6 
85 123 196 24.6 —.17 65 126 176 28.7 —.51 47 134 108 29.8 
90 116 179 19.0 —.02 74 120 215 26.9 +. 09 61 124 235 DAM | 
90 121 139 25. 4 —.15 79 126 131 26. 8 —. 59 61 132 36 CARE 

97 115 178 20. 2 —.05 78 121 191 22 —.02 62 124 225 22.7 
96 ile 211 21.4 —. 03 79 123 203 24.7 +. 03 64 126 173 27.2 
91 112 223 15.9 —. 04 62 120 180 21.6 —.05 42 128 42 21.2 
94 118 162 16.6 —. 04 74 122 120 19. 1 —.13 52 132 60 21.1 
94 118 152 1250 —.08 76 122 176 14.9 —.01 61 126 130 14.5 
84 119 172 18.2 —.08 65 123 148 21.1 —.16 53 129 76 21.6 
93 116 164 13. 2 —.02 75 119 158 14.9 +. 07 60 122 225 17.6 
92 115 184 15.1 —.06 73 118 237 17.8 —.09 54 123 250+ 18.7 
92 113 200 18.5 —.10 60 120 250+ 23. 4 —.13 40 129 52 25. 7 
90 116 163 18.3 —.03 77 122 180 20. 5 +. 08 62 129 145 Zoe L 

93 120 101 PARA —. 08 70 130 55 29. 3 —. 26 51 141 20 31.9 
85 119 173 18.9 —.02 64 126 150 21.6 +. 09 53 132 66 22.9 
83 119 125 22.5 —. 04 54 133 16 25. 1 +. U6 5U 18y 10 26. 2 
94 116 170 26. 3 —.02 68 125 192 27.9 +. 04 49 133 95 29. 4 
96 116 186 18.7 —.07 80 120 180 20.1 —.14 65 124 198 22.0 
92 121 115 21.2 —.03 74 127 32 22. 4 +. 02 59 136 18 23. 4 
96 118 193 24.7 —.07 75 126 200 27.0 —.12 56 134 66 28.3 
95 121 120 23. 6 —.13 76 128 86 25. 0 —.37 58 137 29 26. 2 
86 116 141 19.9 —.14 65 122 203 21.7 —.15 48 128 165 23.6 
87 Tis) 250+ 25. 8 —. 53 61 124 250-++ 27.1 —2.17 28 139 24 29. 2 a ; 

ee ee 
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TABLE 4.—Effect of outdoor exposure on the characteristics of asphalts of the 85-100 penetration grade 

Tests on the exposure residue Additional tests on the original asphalt 

Paes Change Pec ee gm.; Blope of aa -. | Organic Oliensis test Slope of | ry Oliensis test 
Gao t 8 | Soften-| . uctil- Organic atten | the log- | Organic 

weight penetra- in ity at 77°| matter imsoluble penetra- | matter 
tion _ point F. 5 cm. Sen in 86° B = Xylene | tion tem-| aire ee <olene 

WG ° perature per min. | in ‘4 , haracter anniva. | Derature | in CCh >haracter Srey eae 
Abvso BLA Sb° i. GinkG naphtha of spot equiv a Re of spot equiva- 

lent lent 

Percent or. Cm. Percent | Percent Percent 
ibe 22 2 eee oseees +0.5 23 75 0. 0285 134 79.0 0. 29 19.5 | Positive____- 0- 2 0. 0323 - Qc05 4) Wegative:.. l-.---. 2.20 
i Se 8 Ed +1.2 19 56 . 0261 139 100.0 . 16 22. Shi UNEZA Uy Gree es ee ee . 0314 .07 vee fae eee 
ap he ee +.9 19 54 . 0252 140 78.0 ob 22.0 Wi Positive. == . 0324 SO7AS Ss Oe ee eee Ss 
tet +.9 20 56 . 0248 140 110+ .14 Pee Ae COs 0815 08 SAG SE 223 oe 
Ve ley Ce +1.0 17 44 . 0229 146 14.0 . 30 Diinth eens lei oS oe, . 0313 .08 | Positive____- 0- 2 
(hue tons pales ae ee +.9 24 57 . 0209 146 12.0 LS 22.8 | Negative___- . 0267 el? WiENSeathvej- eles = 2 
ere ee te +.5 40 83 0176 145 15.0 . 24 O2n0: [oe (ole, MDL . 0219 OGii| sees DCO See mee oe 
Shaws ee ee +.7 25 41 0119 172 4.0 . 34 Bison | PROSitEvelueee 0211 .07 | Positive____- 24-28 
es SN eee eee +.4 | 35 7 . 0196 147 19.0 . 36 33.'0) }) INegativerseeleeeee =e . 0217 HOB WENSEatlvelcoelL see. 
UE = 2 25 ee See +.3 38 7 . 0170 147 13.0 .3f feo P dT | feceeae 2 6 Kye | a . 0220 A Uy jt Ces Cotes 2 el |e ee 

Ie Se, Se eee ee a +.6 34 67 0164 151 15.0 .39 34, GV esse (Vo fegee Poe ME we oe .0219 . 06 coe ee ee eee ae 
i er ie as ES aT +.5 34 71 0178 149 13.0 . 42 Ber sl eee Gio wee =o. a(n oot ee Se, . 0219 BOG ase = = GOL sek hee es 
1S = 1S ey ee +.9 27 52 0158 158 5.5 . 29 32,8! | Ee Osiulvesseae 12-16 . 0221 ~10) |) Positivecces. 2-4 
ik ee Soe +1.1 21 47 0194 153 6.0 . 34 BORS: ese dou 2 S= 12-16 . 0248 305: } Negatives: loo. 2. = =< 
hie ee ee +.8 19 46 . 0213 153 7.0 . 24 eyes eee as doe 20-24 . 0248 SO: | eeOSilive c= =e 2- 4 
ie aes ae +.8 25 51 0172 154 7.0 . 34 SHORT ata lear =e (Oke oe 12-16 . 0236 AH ee ci Kone ees 2-4 
Ajeet eee +.9 22 52 0208 153 7.5 .25 2 OF 3: | eee LO eee 0- 2 . 0246 09) |MINGgativess|e-----2-_— 
1s de et, +.4 29 65 0195 151 13.5 ~41 34,4 eo Oma 0- 2 . 0226 eal OMe eee C (0) aA ed ae 
NO see ees +1.0 27 64 - 0208 146 9.5 . 24 2803: ||) Negative -s \e2-- ae . 0235 Sl Oster a: = Q- 2 
el) eee, 2 See +.4 oa Rit O177 148 7.5 15 BOLL. eee COs. ee li ree 0189 09 | Negative..._|_......._- 

Dit. Se +1.0 27 56 . 0176 146 9.5 . 20 PAS et = CO 2 eee . 0230 a Loy eee (Ng eee on |e poet ee 
Ps 1. Sale ae +.9 33 66 . 0167 148 9.5 ako 30. 2 nC Ona eee | ee eee . 0214 Pel ey [Eee G Fo Veen el) co Late eee 
C5) eh pel eae ee. +.7 29 62 . 0183 142 8.0 .48 24.5 |) Positive. 2-_- 72-76 Ota .08 | Positive____- 44-48 
7) I eat +1.1 31 63 0171 150 6.5 noo 23.1 | Negative___. eerie . 0226 320°) INegativenes|c- ta. 
4S ta aS EI Parte +.7 31 75 . 0213 143 14.0 ~ 30 LOPS oleae (6 ho een Se ees . 0228 20 i sa Oe Oe ee | eee F 
eee ek ao Pe +.8 27 57 . 0180 150 6.8 . ol 25.6 | Positive____- 4-8 . 0231 e22 | Positive:2_- 2-4 
yt SS eee ae +1.0 27 63 - 0204 142 18.5 -14 2092) Negative:= s|2ees- =. 2 . 0256 aO5u| Nesatitele |e. 3 2 
GANIC i oo ora ae gg +.6 25 63 . 0223 141 17.5 220 23.0 | Positive_____ 8-12 . 0272 .12 | Positive____- 4-8 
Hela i as Sine +.4 28 62 . 0192 141 11.0 .42 ipa: ||eae= Chae 100+ . 0266 Bae OL ee 1 56-60 
Si} Oe See ee +.8 33 71 . 0185 142 15.8 .14 2301 rl Negativesa. eae se sees . 0245 S07 | INegativelscta: 2s 

Si: See eee +.7 31 54 0134 160 4.8 .42 34.9 | Positive_.__- 4-8 . 0205 O6mleze=e (6 (0 }S sae enal (ORR ee 2 
SS ete Pe Se +.9 30 61 0171 147 9.0 20 24.9) | Negatives 2}5-—_- = 0225 pala SOO Res eee eae 
Teh =e ee +.6 33 67 . 0171 195 4.0 75 29.4 | Positive____- | 100+ .0219 .42 | Positive____- 1 60-64 
Ro ee ee +1.1 26 42 0116 159 5.0 19 Pose We alte, sp KOLO SS So | 32-36 . 0227 AO): as ee doa 12-16 
He 2 oe ee +.6 37 75 . OL70 141 11.5 celal 25V 0s) (Negative sae e sae ns ee . 0224 218) | SNegativesc si. ees = 
2 hee es +.8 34 57 0125 158 5.0 «20 275.0) || eee Co Kova See ee . 0192 .16 | Positive____- 0- 2 
Cy A ce. es a ees =. 4 37 77 0177 146 9.0 . 80 Aiiay | dereswyanye) 0- 2 . 0200 SOS NING ZAtLVeL cote eee oe 
eee ao A +.7 33 55 0123 141 5.0 .30 3050 jeenee doe 2- 4 . 0188 SOSe |e = ed Ose ae |e eT 
Uh a +.7 23 49 0182 148 10.0 . 26 255 Gig eaee dons 36-40 . 0277 OF ji Positives 2 16-20 
Aileen sere cee (tS es Nn eal ee een | Seen es wel Be eet a ene coe Sales Se oon tah eee cee R eee oe eee . 0261 AOS eee eYoyey anes 80-84 

1 Maximum value same as spot with 100 percent xylene. 

TaBLE 5.—Changes in test characteristics of 50-60 penetration asphalts after oven tests 

Test values expressed as a percentage of test values on Test values expressed as a percentage of test values on 
original materials original materials 

Change in Change in 
weight Penetration Ductility at | Organic mat- weight Penetration Ductility at | Organic mat- 

identi at 77 degrees Softening 77 degrees F.,| ter insoluble iavoniie at 77 degrees Softening 77 degrees F., | ter insoluble 
ficati F., 100 gm., Point 5 cm. per in 86 degree GatIOn F., 100 gm., Point 5 em. per in 86 degree 

tow 5 sec. min. B. naphtha u 5 sec, min. B. naphtha 
No. No. 

Stand-) Thin- | Stand-} Thin- | Stand-) Thin- | Stand-| Thin- | Stand-| Thin- Stand-| Thin- | Stand-) Thin- |Stand-| Thin- | Stand-) Thin- | Stand-} Thin- 
ard film ard film ard film ard film ard film ard film ard film ard film ard film ard film 
oven | oven | oven } oven |} oven | oven | oven | oven | oven | oven oven | oven | oven | oven | oven | oven | oven | oven | oven | oven 
test test test test test test test test test test test test test test test test test test test test 

Pct: Peek Peck: Pci. Che Veta IEC % Plas ‘Pets ech: Pet. ‘Pei. Pe. Pc: Pes: 20 Pe. Per Ch: Pathe 
izcee 5. —0.13 |—0. 40 84 58 101 105 100+} 100+ 107 IS65lel cee —.02 | +.05 88 7 101 106 80 21 100 105 
7 ee —.05 | —.04 82 59 103 107 100+} 100+ 111 BI | eye —.04 00 84 7 161 106 43 19 104 104 
i —.05 | +.01 82 64 103 107 100+) 100- 118 140: |\e23 ese. =, 10) jee 70 50 107 118 12 4 113 111 
i: ee —.06 | —.08 83 63 103 107 100+} 100+ 108 129. |} 24s ee —.04 | —.01 89 70 105 110 35 14 108 111 
i —.07 | —. 06 79 53 102 108 100+) 100+ 113 ieiey te —.07 00 84 66 106 108 72 33 108 108 
(io Sy as —. 06 00 88 67 103 109 100-- §2— 108 VEO 26s se —.09 | —. 20 83 62 106 111 30 14 104 100 
ia tae —.07 | —. 26 84 66 102 107 119 ay/ 106 LOST i2ioansee —.03 | +.03 88 53 104 108 51 15 109 109 
Sane. 2! —.11 | —.22 82 61 107 117 28 12 104 ELAS eS eee —.12 | —.36 78 65 105 110 40 8 109 106 
eens sere —.08 | —. 20 87 66 105 110 83 47 108 LOS 230s ss == —.03 | +.05 94 71 103 105 34 16 101 113 
ee —.12 | —.34 80 60 106 111 93 33 105 112 

cy ese ae —.08 | —. 25 86 58 105 114 54 20 106 108 
Linsey —.11 | —. 26 81 56 104 111 78 29 iE UPA ah Amee eS —.05 | +.08 90 67 105 107 26 14 104 111 
ge —.06 | —.17 84 62 102 109 56— 47— 106 Oa aoe come —.04 | +.05 87 72 110 120 32 24 113 lll 
ik aaa —.1l1 | —. 24 86 61 105 115 16 6 108 LED iota see —.05 | —.04 79 55 106 116 47 10 106 114 
ie ole ee +.01 | +.09 88 63 103 107 | 100+} 80—| 107 A165 We Oes ee —.06 | —.10 91 72 102 105 | 105 75 102 109 
rer ee —.02 00 90 52 105 111 54 17 104 Rae oe —.07 | +.02 91 723 104 109 69 32 94 106 
ie ee —.03 | —.03 85 65 105 112 42 18 105 SaWisdeesoss —.06 | —.13 85 60 105 111 42 18 108 | 112 
ee ee —.02 | —.02 90 Til 104 109 64— 37— 103 LOS NSS =. Sees —.08 | —. 20 84 65 106 afl 17 9 107 114 
ie —.05 | —.06 90 67 102 109 56— 27— 104 UES) 30 —.05 | —.07 94 49 101 109 132 16 108 117 
ONES? ®. 00. | +. 10 86 68 103 106 114+} 109 105 113 9)|) 40e2Soe= —.48 |—2.09 74 38 110 124 a= a 100 98 
7A sare —.12 | —. 46 91 67 102 107 55 20 90 97 
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ORIGINAL MATERIAL 

- DEGREES F 

THIN-FILM OV EN TEST RESIDUE 

SOFTENING POINT 

t 

Figurp 2.—SourRcE OF THE Base PETROLEUM IN RELATION TO THE EFFECT OF OvEN Hrat TESTS ON THE SOFTENING POINT OF 

TABLE 6.—Changes in test characteristics of 85-100 penetration asphalts after oven and exposure tests 

~— CALIFORN|A—»++ CO-->+« 

Te Sey ae 10 11 12 1314 15 16 17 18 

LOMBIA 
MEX!CO 4 

SOURCE OF BASE PETROLEUM 

19 2021 22 

AVERAGE 

SAMPLE NUMBER 

23 24 2526 27 28 30 

Nota 

THE 50-60 PENETRATION ASPHALTS. 

Test values expressed as a percentage of test values on original materials 

3137 38 32 33 34 

VENEZUEL A—>e— ARKAN SAS—>+e——. OKLA HOMA ———> =" KY. 8 > MEXICO &>+<KANSAS> WYO 
DOMESTIC 

39 

TEXAS e-KY. UN- 
KNONWN 

See noes Penetrati t 77° F. 100 Ductility at 77° F., 5 O i tter insoluble i enetration a j : : uctility a ., 5em. per rganic matter insoluble in 
Identifica- gm., 5 seconds Softening point minute 86° B. naphtha 
tion No. 

Stand- Thin- Stand- Thin- Stand- Thin- : Stand- Thin- : Stand- Thin- 
ardoven| film Rete ardoven| film eco ardoven| film paae ardoven| film eae ard oven| film Re 

test oven test | test oven test ; test oven test test oven test test oven test 

Percent | Percent | Percent | Percent | Percent | Percent | Percent | Percent | Percent | Percent | Percent | Percent | Percent | Percent | Percent 
| ee ee ee —0.16 —0. 55 +0. 50 81 56 27 101 107 119 112+ 112+ 35.4 112 126 186 
7 Nig oie eae —.07 —.17 +1. 20 82 56 20 102 107 125 124 Lat 51.8 129 136 226 
eee ee Ap eae —.07 —.14 +.9 84 59 20 102 107 126 93 120 38. 2 133 139 229 
(ee eR —.08 —.21 +.9 82 60 22 104 108 126 110+ 110+ 48.5 118 128 210 
ie: ee —. 08 —.15 +1.0 81 52 19 103 109 129 125 127+ ifs! 115 134 188 
(i Peeeab mes) ogee, a —.05 +. 04 +.9 79 63 26 103 106 125 135+ 114 6.5 122 123 159 
| Grae SARS —.10 —.44 +.5 79 57 42 103 111 121 73 60 6.8 111 114 123 
ee ee ens Lae 2 —.21 —.46 +.7 69 45 26 107 119 142 49 11 3.9 111 118 133 
aes ey 2 —.13 —.55 +.4 78 53 36 103 112 122 79 46 8.3 hs 116 126 
10! eee ee —.19 —.68 +.3 74 55 40 104 112 122 84 65 6.8 112 122 125 

ke Rea eae a, af re —.12 —.41 +.6 77 53 35 104 113 127 92 68 ee 112 117 131 
i ae —.13 —.45 +.5 76 54 35 104 111 125 99 54 5.4 116 121 133 
i hs Soe A 2 —.05 —.11 +.9 7: 50 29 105 114 135 115 18 2.9 113. 120 142 
14a —.01 +. 05 +1.1 77 59 22 103 113 133 107 110 3.1 109 113 151 
153 ee —.04 +. 01 +.8 77 57 21 105 115 133 131 110 3.7 116 117 147 
163k See —.03 0 +.8 77 59 27 105 114 132 61 50 6.5 12 117 144 
i ly Sees —.04 —.04 +.9 78 62 24 103 112 130 100 134 3.9 | 12 126 163 
heen! eae —.17 —.51 +.4 76 55 34 103 109 123 90 55 6.9 117 121 140 
10ers —.02 +. 09 +1.0 82 68 30 104 108 127 120 131 5.3 110 1i1 149 
20. See —.15 —.59 +.4 88 68 41 104 109 122 94 26 5.4 106 107 119 

| eee aE ae —. 05 —.02 +1.0 80 64 28 105 108 127 107 126 5.3 109 112 145 3 
Se EF —. 03 +. 03 +.9 82 67 34 105 108 t27, 96 82 4.5 115 127 141 j 
De Soto ee —. 04 —.05 +.7 68 46 32 107 114 127 81 19 3.6 136 133 154 
As ce ee aes Selle —.13 +1.1 79 55 a6 104 112 127 74 37 4.0 115 127 139 ’ 
DE Ao 2 ee —.08 —.01 Sse 81 65 33 104 107 121 116 86 9.2 117 114 154 f 
?. een 2 eS —.08 —.16 +.8 77 63 32 104 108 126 86 44 3.9 116 119 141 4 
Ye eee SS —. 02 +. 07 +1.0 81 65 29 103 105 123 96 137 11.3 113 133 153 ? 
RS oe —. 06 —.09 +.6 79 59 27 103 107 123 129 136+ 9.5 118 124 152 7 
7S Pane es —.10 —.13 +.4 65 43 30 106 114 125 125+ 26 5.5 126 139 139 ‘ 
BU ee —. 03 +. 08 +.8 86 69 37 105 tM ba 122 110 89 9.8 112 126 126 

Dl asco —.68 —. 26 +.7 75 55 33 107 117 132 54 20 4.7 106 115 126 
32 : —.02 +. 09 +.9 75 62 35 106 111 124 87 38 5.2 114 121 132 
(29: ee ge t's —. 04 +. 06 +.6 65 60 40 112 117 164 12 8 ae 112 116 131 } 
O42 2 ee —.02 +. 04 +1.1 72 52 28 108 115 137 113 56 2.9 106 112 133 
35.2 —.07 —.14 +.6 83 68 39 103 107 121 97 107 6.2 107 118 134 é 
36 ae Pe —.03 +. 02 +.8 80 64 37 105 112 131 28 16 4.4 106 110 127 ‘ 
37 —.07 —.12 +.4 78 58 39 107 114 124 104 34 4.7 109 Uns 123 
38 Bern ea, 2 —.13 —.37 +.7 80 61 35 106 113 117 194 24 4.2 106 lll 129 7 
80. oc tee —.14 —.15 +.7 76 56 27 105 110 128 144 117 tod 109 119 144 
AQ. —. 53 =H Wena 70 fs Pa ek RL 110 ge aes Ae 100+ LOt) ice ere 105 113) je eee . 
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Figure 3.—Sourcs oF THE Bask PETROLEUM IN RELATION TO THE EFFECT OF OvEN HEAT TESTS ON THE DUCTILITY OF THE 50-60 
PENETRATION ASPHALTS. 
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Ficure 4.—Sovurcr oF THE Bask PETROLEUM IN RELATION TO THE EFrrect OF OvEN Heat AND ExposurRE TESTS ON THE PENE- 
TRATION OF THE 85-100 PENETRATION ASPHALTS. 
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Figure 5.—Source oF THE BAsE PETROLEUM IN RELATION TO THE EFrrect oF Oven HEAT AND ExposurE TESTS ON THE SoOFrrENING 
Point oF THE 85-100 PENETRATION ASPHALTS. 

The percentage of original penetration for the 85-100 
penetration asphalts, as shown in table 6 and figure 4, 
varied from 65 to 88 with an average of 78 for the stand- 
ard oven test and from 32 to 69 with an average of 58 
for the thin-film residues. The range in percentage of 
original penetration retained by the exposure residues 
was from 19 to 42, with an average of 31. Only two 
asphalts of the 50-60 grade and four of the 85-100 
grade retained less than 50 percent of their original 
penetration after the 5-hour heating in thin films. 

THIN-FILM OVEN TESTS GREATLY REDUCED THE DUCTILITY OF 
SOME ASPHALTS 

The range in the values for retention of original pen- 
etration for both grades of asphalt is greater for resi- 
dues from the thin-film test than for the residues from 
the standard oven test, indicating that the thin-film 
oven test provides a somewhat sharper differentiation 
between the various asphalts with respect to resistance 
to hardening. The difference between maximum and 
minimum values for percentage of original penetration 
is greater for the thin-film residues of 85-100 penetration 
asphalts than for the residues from the exposure test. 

The softening point values shown in tables 2 and 3 
and in figures 2 and 5 indicate that the range in values 
is somewhat greater for the residues from the thin-film 
oven test than for the residues from the standard oven 
test, further indicating that the thin-film oven test 
provides a sharper differentiation between the asphalts 
with respect to their resistance to hardening. As com- 
pared to the residues from the thin-film oven test, the 
range in penetration of the exposure residues was 
reduced, while the range in softening point has increased 
considerably. This indicates that continued exposure 
produces changes that affect the softening point values 
to a greater extent than the consistency as measured 
by penetration. For instance, the exposure residues 
of samples 8 and 33 had penetrations slightly under 
and over the average for all the asphalts, respectively, 
but these two materials developed residues having the 
highest softening points. . 

Figures 3 and 6 show the effects of the oven and ex- 
posure tests on the ductility of the 50-60 and 85-100 
penetration asphalts. These figures show that the 
ductilities of many of the asphalts were greatly changed 
in these tests. Although the average ductility of the 

| 
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FIGuRE 6.—SouRCE OF THE Base PETROLEUM IN RELATION TO THE EFFECT OF OvEN HEAT AND EXposurRE TEstTs ON THE DucTiLiry 
OF THE 85-100 PENETRATION ASPHALTS. 

original 50-60 and 85-100 penetration asphalts was 
nearly the same (176 and 180 centimeters, respectively) 
the reduction in ductility was greater for the 50-60 
penetration asphalts than for the 85-100 penetration 
asphalts. The average ductility of residues of the 50-60 
asphalts from the standard oven test dropped to 123 
centimeters, but the average ductility of the 85-100 resi- 
dues was practically unchanged, being 177 centimeters. 

This low reduction in the average ductility for the 
asphalts of the 85-100 grade after heating indicates 
that many of the original asphalts were of too soft a 
consistency at 77° F, to develop their maximum duc- 
tility, and the additional hardening made the residues 
more ductile at 77° F. than the original asphalts. In 
the thin-film oven test the average ductilities of the 
50-60 and 85-100 penetration residues were 77 and 
132 centimeters, respectively. Although the average 
ductility for the 85-100 penetration asphalts had been 
materially reduced, many of these residues still had 
higher ductilities than the original asphalt. The duc- 
tilities of all the exposure residues of the 85-100 pene- 
tration asphalts were greatly reduced. The average 
ductility was 18 centimeters, and 33 of the 39 asphalts 
tested had ductilities under the average. Only six 
asphalts representing four of the five materials produced 
from California petroleums, one from Mexico and one 
from Oklahoma, had ductilities higher than the average. 

Tables 5 and 6 show the percentage of increase in 
organic matter insoluble in 86° B. naphtha due to 

301449412 

alterations occurring in the oven and exposure tests. 
With the exception of samples 20, 36, and 40 of the 
50-60 grade, all the residues had the same or greater 
amounts of insoluble material than the original asphalts. 
The average percentage of increase for residues from 
oven tests was greater for the 85-100 penetration grade. 
Figure 7 shows the relation between the amount of 
organic matter insoluble in the original material and 
the percentage of change in the insoluble matter in the 
oven and exposure residues for the 85-100 penetration 
asphalts. This figure indicates that there is a tendency 
for the insolubility of the residues from those asphalts 
with an initial low insolubility to increase more than 
in the case of asphalts containing higher percentages ot 
insolube matter. The difference between maximum 
and minimum values for the naphtha-insoluble matter 
of the original materials and the oven and exposure 
residues remains practically the same. 

OXIDATION RESPONSIBLE FOR ALTERATIONS IN ASPHALTS 

EXPOSURE 

ON 

Table 4 shows the slope of the log-penetration tem- 
perature curves for the 85-100 penetration asphalts 
before and after exposure. The values for the slope 
of the curves are of interest in evaluating the alterations 
that occurred during the exposure not only in the case 
of the individual asphalts but for the asphalts as a group. 

J. P. Pfeiffer and P. M. Van Doormal (145, 16) pro- 
posed the penetration index for the classification of 
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asphalts according to their susceptibility to change in 
consistency with change in temperature. They stated 
that an asphalt with a penetration index of from 
—1.0 to +1.0 has normal susceptibility (N type). 
Asphalts with penetration indexes ot less than —1.0 or 
of more than +1.0 have high susceptibility (Z type) or 
low susceptibility (blown or R_ type), respectively. 
The slope of the log-penetration temperature curve can 
be used to calculate the true penetration index which 
differs slightly from the one calculated by the Pfeiffer 
and Van Doormal formula (/7). Using the values 
proposed by Pfeiffer and Van Doormal tor asphalts of 
different susceptibilities, a slope of more than 0.0259 
indicates high susceptibility, from 0.0259 to 0.0192 
normal susceptibility, and of less than 0.0192 low 
susceptibility. 

As indicated in table 4, the slope of the curves for all 
the asphalts was reduced by the exposure. The residues 
became less susceptible to change in consistency as a 
result of the exposure. The extent of the reduction in 
slope may be considered as a measure of the resistance 
of the various asphalts to oxidation. 

Considering the values for the slopes of the curves 
and the Pfeiffer and Van Doormal classification 
(15, 16), it will be noted that 10 of the 39 asphalts 
exposed were originally of the Z (high susceptibility) 
type, 27 were of the N (normal) type and 2 were of the 
R (blown) type. After 15 weeks of exposure, 2 were 
of the Z type, 14 of the N type, and 23 of the R type. 
These changes tend to substantiate the conclusion 
that oxidation is responsible for the alterations occur- 
ring in asphaltic materials under exposure conditions. 

As compared with the original materials, with few 
exceptions, the exposure residues from the 85-100 
penetration asphalts showed some increase in the 
amount of organic matter insoluble in carbon tetra- 
chloride. However, the extensive carbonization that 
has been observed previously in similar tests on slow- 
curing oils (7, 8), having approximately the same 
initial insolubility in carbon tetrachloride, did not 
take place in these semisolid asphalts. 

In table 4 the results of the Oliensis spot test on the 
asphalts before and after exposure are given. Fourteen 
of the 39 asphalts gave positive spots before exposure. 
Two of the asphalts, samples 19 and 36, with xylene 
equivalents of 0-2, gave positive spots before exposure 
but had negative spots after exposure. Samples 29 
and 33 gave positive spots in 100 percent xylene under 
both conditions. The xylene equivalents of the 
exposure residues that gave positive spots were higher 
than those of the original matertals but there does not 
appear to be any relationship between the initial xylene 
equivalent and the increase shown in the exposure 
residues. In previous work with all types of liquid 
asphaltic materials (8), residues of all materials that 
were originally negative gave positive spots after only 
5 weeks of exposure. The greater resistance of these 
semisolid asphalts to changes that are indicated by 
their reaction to the Oliensis test is shown by the fact 
that 16 of them gave negative spots both before and 
after exposure. This emphasizes the lower durability 
of fluid asphaltic materials. 

It is evident from the study of the data presented 
that even though additional tests, such as ductility 
and softening point, were made specification require- 
ments for the residues from the standard oven test, 
no sharp differentiation in the hardening properties of 
the various asphalts is possible. Tests on the residues 
from the thin-film oven test, however, do show wide 
differences in resistance to change in original charac- 
teristics. 

ALTERATIONS IN RESIDUES GREATLY AFFECTED BY TIME OF 

HEATING 

In order to study more thoroughly the effect of the 
thin-film oven test on the characteristics of the asphalts 
used in this investigation, 16 asphalts of the 50-60 
penetration grade were selected for further study. 
These asphalts represented materials from a majority 
of the sources of base petroleums covered by this 
investigation. In cases where two or more asphalts 
from the same source showed considerable difference in 
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behavior in the 5-hour thin-film tests, two materials 
from the same source were selected. 

These 16 samples were heated in -inch films at 
325° F. for various periods of time up to 10 hours or 
until the ductility of the residue was reduced to a 
relatively low value. Those materials that did not 
show an appreciable reduction in ductility at the end 
of 7- or 10-hour test periods were heated, in a few 
instances, in \¢- or %-inch films for periods of 7 hours. 
The results of tests on the residues of the 16 selected 
asphalts for various periods of heating and thickness 
of film are given in table 7. Values for the penetra- 
tion at 77° F., ductility at 77° F., and softening point, 

TABLE 7.—Effect of heating typical 50-60 penetration asphalts in 
thin films for various periods of time and film thicknesses 

Tests on residue 
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are given for the original materials and for the residues. 
The effects of time of heating in \-inch films on the 
properties of some of these asphalts are given in 
figures 8, 9, and 10. 

In figure 8, the results on nine of the asphalts are used 
to illustrate the effect of time of heating on the penetra- 
tion of the residues. The time-penetration curves for 
the other asphalts, with the exception of sample 33, 
are between the upper and lower curves shown. All 
the curves indicate that the asphalts had a high initial 
drop in penetration and, as the time of heating in- 
creased, the rate of drop in penetration decreased. 
Sample 23 had a very high initial drop in penetration 
up to 2 hours and then a more gradual drop up to 10 
hours. The California asphalt (sample 3) showed a 
uniform rate of hardening up to 7 hours and then a 
decreased rate. In general, the difference between the 
high and low values of penetration, for any given time 
of heating, are approximately the same throughout 
the range of time covered by these tests. These curves 
are similar to curves showing the penetration versus 
time of mixing, one of which for bituminous concrete 
is charted in the report by Schaub and Parr (1/8) on 
changes in physical characteristics of paving asphalt 
cements and their relation to service behavior. In this 
case, an 85-100 penetration asphalt showed a 27 point 

decrease in penetration in the first 30 seconds of mixing 
and a decrease of only 10 points in the next 150 seconds. 

In figure 9 are representative curves showing the 
relation between softening point and time of heating in 
the thin-film test. The plotted points for these as- 
phalts, and the others of table 7, fall approximately 
on straight lines. 

In figure 10 are representative curves showing the 
relation between time of heating in the thin-film test 
and ductility at 77° F. It is apparent that the 
time of heating has a much more variable effect on 
ductility than on softening point or penetration. 
Sample 3 (California) retained a ductility of more than 
250 centimeters over the whole 10-hour period while 
all the other samples showed a large reduction in duc- 
tility during this period. Sample 6 (Columbia) lost 
ductility at a fairly constant rate with increase in time 
of heating, while the ductility of sample 23 (Oklahoma) 
dropped from 202 to 26.5 centimeters in 1 hour and from 
26.5 to 4 centimeters in the succeding 9 hours. Table 7 
shows that samples 8, 13, 20, 23, and 33, with initial duc- 
tilities of 27 to 202 centimeters, had ductilities of 8 ticen- 
meters or less after heating for 5 hours in \-inch films. 

In order to show the effect of the thin-film oven test 
on the ductility-penetration relationship, some of the 
data given in table 7 have been plotted in figure 11. 
If the penetrations are plotted against the corre- 
sponding log ductility for the residues after various 
periods of heating, a straight line can be drawn that will 
pass approximately through the points, except for the 
higher values of ductility. The data for the majority 
of 16 selected asphalts can be plotted to show a straight 
line relationship between penetration and logarithm of 
ductility when the ductility had been reduced below 
100 centimeters. The penetration-ductility curves for 
the other asphalts are distributed between the extremes 
shown in figure 11. This figure and the data given in 
table 7 show that the conditions of the thin-film oven 
test produced wide differences in the penetration log- 
ductility relationships of these typical 50-60 penetra- 
tion asphalts. 

EFFECT OF MIXING ON CHARACTERISTICS OF ASPHALTS 

INVESTIGATED 

The relation between the penetration and softening 
point of the various thin-film residues, data for which 
are given in table 7, is also of interest in showing the 
difference in behavior that occurred when these mate- 
rials were heated under comparable conditions. In 
figure 12 the softening points of the various residues 
have been plotted against the logarithms of the cor- 
responding penetrations and the points connected by 
smooth curves. Several asphalts, of which sample 23 
is one, show a uniform rate of change in the earlier 
periods of heating, but when reduced to a certain pene- 
tration the curve breaks, and thereafter shows a greater 
increase in softening point for a given drop in penetra- 
tion. Of the materials that show a uniform rate of 
change, sample 3 shows a very much lower increase in 
softening point for a corresponding drop in penetration 
than does sample 20 or sample 33. The curve for the 
latter is not shown in this figure. In general, the data 
indicate that asphalts having a low rate of increase in 
softening point with decrease in penetration retain a 
high ductility when reduced to low penetrations, but 
those that increase rapidly in softening point with 
fear in penetration do not retain their ductility 
as well. 
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Bateman and Delp (7) and Bateman and Lehmann (2) 
have shown the effect of the mixing process on the 
physical properties of the asphalt and the effect of the 
mixing temperatures on the penetration, the softening 
point, and the ductility of the asphalt extracted from 
the mixtures with carbon disulfide and recovered by a 
vacuum distillation. This work was confined to one 
type of asphalt and they concluded that penetration 
and ductility of the asphalt were decreased and the 
softening point was increased by the mixing operation 
and that these changes were affected by the mixing 
temperature. In recent years, with improvement in 
the technique of recovering the bitumens from solutions, 
investigations of asphalt from laboratory and plant 
mixes and from pavements have been made. Many 
of these investigations have been confined to the 
determination of drop in penetration only. Steinbaugh 
and Brown (20) included ductility determinations, and 
Shattuck (19) made softening point determinations on 
the recovered bitumen, as well as ductility and penetra- 
tion tests. 

The work of Steinbaugh and Brown led to the adop- 
tion by the Michigan Highway Department of a speci- 
fication requirement that the penetration of the bitumen 
extracted from a pavement immediately after laying 
shall be not less than 50 percent of the original and that 
the ductility shall be not less than 40 centimeters. 
A specification requirement of this type appears to be 

logical. Its use, however, introduces a practical diffi- 
culty that has been quite generally recognized. The 
responsibility for compliance with the test requirement 
is divided between the producer who furnishes the 
asphalt and the contractor who uses it. Shattuck (19) 
has developed a laboratory mixing test in which the 
probable loss in penetration and ductility of the asphalt 
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to be furnished during the mixing and laying operations 
can be predetermined. Shattuck stated that an asphalt 
that failed to meet a specified drop in penetration and 
ductility when subjected to his laboratory mixing test 
would not meet the requirement outlined in some spec- 
ifications for the ductility and penetration of bitumen 
extracted from the pavement after laying. 

In the Shattuck mixing test (79) a 2,000-gram mix- 
ture, containing 94 percent of standard Ottawa sand and 
6 percent of the asphalt to be tested, is mixed for 1 
minute in a small laboratory rotary mixer, 6 inches in 
diameter and approximately 10 inches long. The air 
temperature of the mixer is brought to 275° to 300° F. 
The sand and asphalt are brought to temperatures of 
400° and 300° F., respectively, before placing in the 
mixer. After mixing, the asphalt mixture is placed in a 
shallow pan, 7 by 11 by 1% inches, and is held in a 
constant-temperature oven at 350° F. for 30 minutes. 
After cooling to room temperature the bitumen is 
extracted and recovered by the Abson method. The 
recovered bitumen is tested for penetration, ductility, 
and softening point. Bituminous mixes, using propor- 
tions of aggregate, dust, and asphalt specified for the 
particular project, may also be tested in the same man- 
ner. Bituminous concrete containing aggregate from | 
inch to dust has been handled satisfactorily in this 
mixer. 

The Public Roads Administration cooperated with 
Shattuck in the investigation (19) of his laboratory 
mixing test. Comparison was made of the properties 
of the residues from the thin-film oven tests with those 
of the asphalts recovered from the Ottawa sand and 
sheet asphalt sand mixtures used in the Shattuck test. 
Eight asphalts were selected from those used in Shat- 
tuck’s work. The characteristics of these asphalts after 
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TABLE 8. Test characteristics of asphalts after exposure to Shattuck’s mixing test and thin-film oven tests 
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making the mixing test and thin-film oven test are given 
in table 8. Test results for penetration, ductility, and 
softening point are shown for the original asphalt and 
the bitumen recovered from the Ottawa sand and sheet 
asphalt mixes, as determined in both laboratories, and 
for the residue from the thin-film oven tests for 5- and 
7-hour periods as determined in the Public Roads 
laboratory. 

THIN-FILM OVEN TEST FURNISHES INDICATION 

BEHAVIOR IN MIXING OPERATIONS 

OF ASPHALT 

In general, the penetrations and softening points of 
the residues from the oven tests are approximately 
comparable to the penetrations and softening points of 
the bitumens recovered from the mixes. Except for 
sample 6-A, the ductilites of the thin-film residues are 
also generally comparable to the ductilites of the bitu- 
mens recovered from the mixes. The similarity of the 
reduction in penetration and ductility and the increase 
in softening point that occurred in these tests are better 
shown in figures 13 and 14 for 2 of the 8 asphalts 
(samples 6 and 12) tested in this manner. 

In figure 13 the penetration of the asphalt recovered 
by both laboratories and the penetration of the residues 
from the 5- and 7-hour thin-film oven tests are plotted 
against the logarithms of their ductilities. The ma- 
jority of these points for each asphalt fall closely along 
a straight line similar to those shown in figure 11 where 
the relationship i is shown for residues from the thin-film 
tests only. 

Figure 14 shows the relationship between softening 
point and penetration of samples 6 and 12 when sub- 
jected to the Shattuck mixing tests and the thin-film 
oven test. This figure shows the similarity between 
the reduction in penetration and increase in softening 
point that occurred under both testing conditions. 

During 1935 and 1936 test sections of sheet asphalt 
pavement were constructed in Washington, D. C. 
Tests were made to determine the alterations in the 
physical properties of the asphalt during the mixing 
laying and service of the paving mixture. The be- 
havior of the asphalt in the thin-film oven tests also 
was determined. Samples were taken immediately 
after the hot mix was laid and compacted. Following 

construction, samples were taken at the end of 12, 18, 
24, and 30 months of service. These samples were ex- 
tracted and the asphalt recovered by the Abson method. 
The original asphalts were heated at 325° F. in }-, 
Ye, and ¥-inch films for 2, 5, and 7 eae The 
asphalts recovered from the pavement and the residues 
from the thin-film oven tests were tested for penetra- 
tion, ductility, and softening point. The results of 
these tests, as well as the tests on the original asphalt, 
are given in table 9. 

The relations between the penetration and ductility 
of the original asphalt, the bitumens from the pavement, 
and the residues from the thin-film oven test, are shown 
in figure 15. A majority of the points for the thin-film 
tests fall close to or on the line drawn. The points for 
the asphalts recovered from the pavement are approxi- 
mately along the same line as the points for, the thin- 
film residues. The reduction in penetration and ductil- 
ity of the %-inch film residue, heated for 5 hours, was 
approximately the same as the reduction that occurred 
during mixing and laying. While there was no uniform 
reduction in “penetration and ductility with increased 
age in the pavement, two samples from the 24-month 
period had considerable decreases. Schaub and Parr (18) 
noted the difficulty of determining the progressive hard- 
ening of asphalt in sheet asphalt pavements on city 
streets because of the great possibility of contamination 
in these areas. 

Figure 16 shows the relation between softening point 
and penetration of the bitumen recovered from the 
pavement and the residues from the thin-film oven test. 
This figure furnishes additional evidence of the similar- 
ity of the behavior of asphalts when heated at 325° F. 
in thin films and their behavior during the mixing and 
Jaying operations and in service. 

On the basis of data obtained from fonts of freshly 
laid sheet asphalts from other projects, and from the 
Shattuck mixing tests, it is believed that the alterations 
in penetration, ductility, and softening point that 
occur in 50-60 penetration asphalt cements during the 
processing and laying of sheet asphalt pavements in 
accordance with present standard practice can be 
predicted from tests made on the residues from the thin- 
film oven test. It has been noted that when some 
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asphalts are merely dissolved in benzene and recovered 
by the Abson method a marked reduction in ductility 
occurs, even though the asphalt has not been exposed 
to the mixing operation or to service, indicating that the 
Abson recovery method itself may change the asphalt. 
It is therefore believed that the thin-film oven test may 
be more generally indicative of the actual alterations 
that occur than is the Shattuck test. 

TABLE 9.— Test characteristics of an asphalt before and after thin- 
film oven tests and of the same asphalt recovered from the pavement 
after various periods of service 

TESTS ON ORIGINAL ASPHALT 

Penetra- | I ductility 
1, ‘ tion at 77 at 77° F., | Softening 
Sample F., 100gm.,] 5 em. per point 

5 see. min. 

Cm. OF. 
1 eer Shao ee ee 57 250+ 126. 0 
eet Be ee 56 205 126. 0 
(Cae a eae sae 56 226 127.0 

THIN-FILM OVEN TESTS ON RESIDUE 

Film ‘Time of ees ate me Soften- 

thick- | heating |» 100gm.,| 5 em. per ng ness | at 325° F.) °", ee 2 ieee ei ; point 

Inches Flours Cm. oR 
2 42 118. 0 136. 4 

Pe eens» 5 32 28.5 | 144.9 
7 28 14.0 150. 9 

2 oO” 63.0 141.0 

WGwesa- 5 26 8.0 | 155.0 
7 21 6.0 163. 4 
2 30 15.0 149.8 

Vy ee 5 18 4,0 175.6 
ri 16 3.3 185. 0 

TESTS ON RECOVERED BITUMEN FROM PAVEMENT SAMPLES 

Penetra- peony 
as See e aS tion at 77° | at 77° F. | Softening 

Age of pavement | & 199 gm.,|_ 5 em. per point 
5 sec. min. 

Months cm. HG 
31 29 143 
34 40 143 
33 80 141 

OS age at, 33 36 145 
33 35 144 
36 39 142 
32 33 145 
35 85 141 
32 41 145 

LARS ee, Peas 34 51 143 
36 48 141 
31 27 146 

18__ 2 > ait 34 30 144 
34 57 142 
29 30 145 
26 12 151 

DAs ea, 1h es 29 28 145 
30 36 146 
26 14 150 

Bit see ee { 32 26 144 
38 100 139 
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13.—RELATION BETWEEN PENETRATION AND DUCTILITY 
oF ASPHALTS SUBJECTED TO THE SHATTUCK TEST AND THIN- 
Fitm Oven TEst. 

REQUIREMENTS FOR 50-60 PENETRATION ASPHALTS MAY NOT BE 

APPLICABLE TO OTHER GRADES 

The 5-hour, -inch film test appears to have pos- 
sibilities for predicting the resistance of asphalts to the 
hardening and oxidizing influence of heat during the 
normal mixing process, thus providing essential infor- 
mation for the adjustment of temperature or construc- 
tion features that tend to destroy ultimately the life of 
pavements containing highly susceptible materials. 
The test results given in table 10 and plotted in figure 
17, for a series of Mexican asphalts, show, however, 
that any specification requirement based on the be- 
havior of 50-60 penetration asphalts may not be appli- 
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Figure 14.—RELATION BETWEEN SOFTENING PoINnT AND PENE- 
TRATION OF ASPHALTS SUBJECTED TO THE SHATTUCK MIXING 
Test AND THIN-FiILM Oven TEsTs. 

cable to those of other consistency grades. Figure 17 
shows the percentage loss in penetration and ductility 
and percentage gain in softening point produced by the 
5-hour thin-film oven test, plotted against the con- 
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or BiruMEN ReEcOvERED FROM THE PAVEMENT AND THE 
SamME AspHALT HEATED IN THIN Fits at 325° F. 

sistency of the original asphalt. The percentage loss 
in penetration and gain in softening point increases, 
but the percentage loss in ductility decreases, as the 
penetration of the original asphalt increases. The 
ductilities of the 150-180 and 180-200 grades are more 
than the ductilities of the original asphalts and are 
indicated by the negative values. 

TABLE 10.— Effect of thin-film oven tests on the characteristics of 
various grades of Mexican asphalt 

Pene- | Ductil- Loss in dessin etree 

Pene- tration | ay Sb | Soften-| Pene” | ductil-| ing 
tration Material tested a : ; ing Fe ity by Tole see F. 100 | 5cm. F by 
grade point heat- by 

gm. 5 per heat- Aa heat 
sec. min. ing 8 ing 

Cm. °F, | Percent | Percent | Percent 
Original asphalt______ 38 194 139;'0.3) eee SE ee ee 

30-40 |, Residue from 5-hour 
| UOSh see so 24 25 153. 5 36.8 87.1 10. 4 
Original asphalt ____ 55 215 TS 110i Ae ee oN ee | eee 

50-60 Residue from 5-hour 
| LeSbe see ae. ha 33 70 145.0 40.0 67.4 10.7 
Original asphalt______ 74 197 12652 sees ot | ee wee at 

70-80 Residue from 5-hour 
beso ae ey 42 81 140.3 43, 2 58. 9 Ve? 

Original asphalt___.__ 89 192 V2 0 We ees 2 ee | ee 
85-100 |; Residue from 5-hour 

|< tenho eset kote 49 125 | 135.9| 44.9] 34.9 12.3 
Original asphalt_____- 135 153 MAUS. Ge Ee ey 2 ee 

120-150 |, Residue from 5-hour 
| -featce ts Seta 66 139 4132.91) pt, 4d Wage 16.4 
Original asphalt_____- 160 TSSi | 110.34; ee Seek = aes | ee 

150-180 |; Residue from 5-hour 
ee ee OMe 71 137 | 131.2] 55.6/1—1.5 18.8 
| Original asphalt______ 182 134 T08, 8 feat EL ee ee eee 

180-200 |; Residue from 5-hour 
(festa fates ee ee 78 261 198.3) Br 1 0-7 17.9 

1 Ductility greater than original. 

_ A recent project in which the Public Roads Admin- 
istration was interested involved an asphaltic concrete 
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Figure 16.—RELATION BETWEEN SOFTENING PoINT AND PENE- 
TRATION OF BituMEN RECOVERED FROM THE PAVEMENT 
AND THE Same ASPHALT HEATED IN THIN Fits aT 325° F. 

mixture graded from %-inch to dust and containing 
approximately 6 percent asphalt cement of 120-150 
penetration grade. The specification required that the 
extracted bitumen from a sample of the mixture taken 
from the finished pavement within 24 hours should 
have a penetration of not less than 50 percent of the 
penetration of the original material and a ductility of 
not less than 100 centimeters. The data given in 
tables 11 and 12 show that neither the Shattuck mixing 
test with Ottawa sand nor with the aggregate specified, 
when run with the standard temperatures for this test, 
namely, 400° F. for the aggregate, 300° F. for the 
asphalt, and 350° F. for the oven, nor the -inch film 
test, gave an approximate indication of the hardening 
that occurred. Although the plant mix was made 
with the asphalt and aggregate at approximately 
275° F., the bitumens recovered from the pavement 
samples had penetrations approximately the same as 
the asphalt recovered from the mixture made in the 
Shattuck test, in which the temperature of the asphalt, 
aggregate, and curing oven were at a temperature of 
200° F. 

ABILITY TO RETAIN ORIGINAL CHARACTERISTICS CONSIDERED A 

MEASURE OF DURABILITY 

It should be noted that the extracted bitumen of the 
lower penetrations had much higher ductility than 
those of higher penetration. It has been shown that 
if there has been no great change in susceptibility, the 
softer grades of asphalt will have lower ductilities than 
the harder grades. For most asphalts, the maximum 
ductility is obtained when the penetration is consider- 
ably below 100 (11). Accordingly, it may be quite 
difficult to set satisfactory limits for the ductility of 
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Figure 17.—EFrerct OF THE ORIGINAL CONSISTENCY OF VARIOUS 50 >< 
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CHARACTERISTICS PRopUCED By THE 5-Hour TuIn-FILM a 8 eer oa Mca a Sa ea iad | 
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= ; : : | | 
TaBLE 11.—Properties of 120-150 penetration asphalt after thin- “ ee 

film oven tests and after plant and laboratory mixing 2 | 

o 30 | —— = 

Tests on residue a | 
Tden- a) | : | | . 
tifica- ws ee ae to eat a | 
fee Source of material for tests Penetra- Ductility | x | | 
NG tion at | at77° F. | Softening Ss | 

E | 77° F. 100 | 5em. per} point ce) | 
lean. Sisec. | mins © 4] uP 29 |-—— — j + 

e | | oe | | | 29 
| ~ 

| | 

™ Cay lo oR. F | 
Original aspialtsse: = see sees nes eal 134 134 104, 2 = gas 

R-1 | Recovered from pavement immediately | | 2 i Lew 
Siterinyino ese Sauk se ee Ree 126 160 108. 5 e sae 7 aN i= 

1) | see Omen aere eae. fe er 129 131 | 107.5 « | | | > 
M-1 | Recovered from laboratory mixes ?____- 126 138 | 108. 4 ~ CONDITION OF PAVEMENT | aX | 
Wie? 7) ees Chas, <8 Pee ae ee eee ee 121 | 138 | 107. 2 a A-VERY GOOD | | 
iV) |S ae Oma SU Steet Fie erat | 58 | 250-+ 120. 9 & | x-Goop | IN 
M-4 |j_.__- Cl Ge es ee Pets Kees ese 45 190 125. 5 | ©-BADLY CRACKED | (Gas 
TF-1 | Thin-film oven test, 48 inch film, 5 | | |  O-VERY BADLY CRACKED | | x 

OUTS Memes Se oo LF CAL ey eh | 203 | 116. 6 fe eee EO (hae = tation BY) | _| gat NI 
TF-2 | Thin-film oven test, 4e-inch film, 5 | | sor ge 

ourse me wee ee Mee OTS hss 49 250+ 123. 5 om = = APES See 2058 
TF-3 | Thin-film oven test, 142-inch film, 5 ie . 120 130 140 150 160 170 180 190 200 

hours... .----.------------------------ | 39 250-+| 128.0 SOFTENING POINT - DEGREES F 

1 Recovered by Abson’s method. 
2 Prepared by Shattuck’s method; data on mixes given in table 12. 

TaBLE 12.—Data on laboratory mixes prepared by Shattuck’s 
method 

Tempera- | Tempera- | Tempera- 
Identification No. ture of ture of ture of Aggregate used 

aggregate asphalt oven | 
| | 

| 
| 

OF ee Onn Sbel|ey sear re 
ial A. 2, 200 | 200 | 200 | 34-inch to dust.! 
LE: SS ere 250 | 250 | 250 Do. 
WES en | 400 300 350 Do. 
M-4 Ottawa sand. 400 300 350 

1 Approximately same grading as used on construction. 

the extracted bitumen, if the softer grades of asphalt 
cements are used in hot-mix pavements. 

The examination of pavements by Shattuck (79) and 
by Vokac (22) show that the extracted bitumens in 
the pavements that have failed through cracking have 
lower penetrations, lower ductilities, and higher soften- 

Figure 19.—RELATION BETWEEN SOFTENING PoINT AND PENE- 
TRATION OF RECOVERED BITUMEN COMPARED WITH CONDITION 
or Detroit PAVEMENTS. 

ing points than the bitumens in pavements that are 
satisfactory. The data given in table 1 of Shattuck’s 
report on sheet asphalt pavements prepared with 40-45 
and 50-55 penetration asphalts have been plotted in 
figures 18 and 19 to show the penetration-ductility and 
penetration-softening point relationships of the ex- 
tracted bitumen. The condition of the pavement from 
which the asphalt was recovered is indicated. It will 
be seen that the majority of the points fall close to the 
average line. These figures show that not only the 
penetration but also the softening point and ductility 
can be closely correlated with the condition of the 
pavement. 

The correlation of pavement condition, as shown in 
these figures, with the test characteristics of the ex- 
tracted bitumen is in substantial agreement with the 
conclusions by Vokac (22) relative to penetration and 
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ductility but not to softening point. Vokac stated 
that when the penetration of the extracted bitumen is 

less than 25, the ductility is less than 24 centimeters 

and the softening point is more than 160° F., the pave- 

ment containing asphalt of this character is of the 
cracking type. He also concluded that a softening 
point of less than 146° F. on the extracted bitumen is 

indicative of pavement that may shove. Shattucks’ 

report (19) does not note this type of failure. _ 

It has been demonstrated by many investigators 

that a major portion of the alterations that occur in 

the asphalt of hot-mix pavements that show a tendency 

to early cracking in service, occurs during the fabrica- 

tion of the pavement. Accordingly, since it is indi- 

cated by the data presented that the thin-film oven 

tests develop residues with properties similar to those 
of the bitumens extracted from both laboratory and 

plant mixtures, a requirement limiting the loss in 
penetration and ductility could readily be applied to 

the residues from the thin-film oven test. A require- 

ment of this sort would be of value in preventing the 

use of materials that are seriously impaired in the nor- 

mal mixing operations, or it would serve as a warning 

that less damaging temperatures or more efficient 

plant design are necessary successfully to employ the 
particular material. 

Lange and Thomas (6) and E. B. Tucker (21) have 

recently emphasized the necessity for. considering the 
viscosity of asphalts at the mixing temperatures in 
general use for hot-mix pavements. Lang and Thomas 

showed, in a series of laboratory mixing tests on asphalts 
typical of those in use throughout the country, that the 
alterations that occurred in the highly susceptible 
asphalts when a constant mixing temperature was 
employed, were materially reduced when the mixing 
temperatures were adjusted to provide a uniform 
viscosity for all the asphalts during the tests. Speci- 
fication requirements for hot-mix pavements should be 
drawn so that the particular asphalt to be used can 
be handled efficiently with as little change in original 
properties as possible. 

In the previous report (17) the failure of these 50-60 
and 85-100 penetration asphalts to pass many of the 
special test requirements that have been proposed for 
adequate control was discussed. The conclusion was 
drawn that these special tests were essentially tests 
that assist in the identification of source or the method 
of processing or that they were measures of special 
qualities. The opinion was expressed that they were 
not true measures of quality or durability. The term 
quality or durability was not defined. But on the 
basis of the data presented in this report and the work 
of other investigators, the ability of asphalts to retain 
their original characteristics in the fabrication of hot- 
mix pavements and in subsequent service may reason- 
ably be considered as one measure of quality. 

As previously noted, the specifications of the Michi- 
gan Highway Department require that the bitumen 
recovered from freshly laid pavements shall have a 
ductility of not less than 40 centimeters and a penetra- 
tion of not less than 50 percent of that of the original 
asphalt. Hubbard and Gollomb (4) have concluded 
that for satisfactory hot-mix pavements the penetra- 
tion of the recovered bitumen should be not less than 
30. Miller, Hayden and Vokac (13) have used 29 and 
Vokae (22) later used 25 as the minimum satisfactory 
penetration. 

Shattuck’s investigation, the results of which are 
shown in figures 18 and 19, indicates that in the best 
pavements the ductility is greater than 40 centimeters 
and the penetration is more than 30. In general, these 
figures apply to hot-mix construction with asphalt hay- 
ing an initial penetration of 40-60. Therefore, it 
appears that an indication of the probable satisfactory 
performance of 50-60 penetration asphalts would be 
obtained by requiring that the residue from the thin- 
film oven test (-inch film, 5-hour heating at 325° F.) 
should have a ductility of not less than 40 centi- 
meters and a penetration not less than 50 percent of the 
original penetration. Concerning the desirable char- 
acteristics of the thin-film residues from 85-100 pene- 
tration asphalts very little is known, but for the time 
being it is suggested that it would not be unreasonable 
to adopt the same limit for loss in penetration as for 
asphalts of the 50-60 penetration grade and to require 
that the ductility of the residue should be not less than 
100 centimeters. It will be of interest to observe the 
effect of such requirements on the 50-60 and 85-100 
penetration asphalts included in this investigation. 

ALTERATIONS IN ASPHALT IN HOT-MIX PROCESSES NOT 

PREDICTABLE FROM USUAL TESTS 

In table 13 is listed the number of special tests, listed 
in table 14, that each asphalt failed to meet, and the 
number that would not meet the requirements pro- 
posed for the residues from the thin-film oven test. 
Eighteen of the 50-60 and 24 of the 85-100 penetration 
asphalts, failing from 1 to 11 and from 0 to 7 of the 
special tests, respectively, met the requirements stipu- 
lated for the thin-film oven test. Only 2 samples of the 
50-60 grade and 4 samples of the 85-100 grade failed 
to meet the penetration requirement and these also 
failed to meet the ductility requirements. Twenty-one 
asphalts of the 50-60 grade and 16 asphalts of the 85-100 
penetration grade failed to meet the ductility require- 
ments indicating that these requirements are more 
severe than those for penetration and that the require- 
ment of a minimum ductility of 40 centimeters for the 
50-60 penetration grade is.more severe than the 
minimum of 100 centimeters for the 85-100 penetration 
grade. Except for sample 29, which was not repre- 
sented in the 50-60 grade, there was only one asphalt 
(sample 36) that failed in the 85-100 grade but did not 
fail in the 50-60 grade. 

In table 14 the special tests and the usual specifica- 
tion requirements proposed for them are given. The 
number of samples failing or passing the thin-film oven 
tests and the number failing or passing each individual 
special test are indicated. The results of the Oliensis 
test appear to give the most consistent indication of the 
probable behavior in the thin-film oven test. There 
were 13 of 14 asphalts of the 50-60 grade and 10 of 15 
asphalts of the 85-100 penetration grade that failed to 
pass the Oliensis test and also failed to meet the pene- 
tration and ductility requirements for the thin-film 
residues. Twenty-five asphalts of each grade passed 
the Oliensis test and of these 17 of the 50-60 grade and 
19 of the 85-100 grade also passed the requirements for 
the thin-film test. 

If the alterations occurring in these thin films are 
accepted as indications of the changes occurring in 
asphalts during fabrication of hot-mix pavements, it 
can be seen that the use, as specification requirements, 
of the special tests listed in table 14 will not entirely 
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TABLE 13.—Comparison of samples failing special test require- 
ments and those jailing the thin-film oven test 

| 50-60 grade 85-100 grade 

Samples failing to pass | Samples failing to pass 
Identifi- | Number | thin-film oven test | Number | thin-film oven test 
ae gt | ofspecial| requirement for— of special requirement for— 

cation NO. | tests each = = testseach|_ 
sample | sample | | 
failsto | Penetra- | Ductility | failsto | Penetra- | py sctitity 
pass tion 50+ 40+ cm. pass tion 50+ | 100-+ em. 

| percent | percent | : 
-——— ace = = _ = A 2 | = 
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TaBLE 14.—Number of asphalts that pass or fail the thin-film oven 
test compared to the number that pass or fail the various special 
tests 

Fail Pass 
thin-film thin-film 

requirement) requirement 
Pene- 

: Proposed test - ; 
Special test : . tration 
t requirement grade | Fail | Pass | Fail | Pass 

spe- | spe- | spe- | spe- 
cial | cial | cial | cial 
test | test | test | test 

ee 50-60 12 9 10 8 
Pinidityiactor.........---.- COS ee re 1506 16 0 18 6 

‘ 50-6 9 12 6 
Float test index....-...... .- 52a ea ak als ees eal - 16 i 8 

Pen. 39.2° F., 200 gm., 60 sec. oe 0 7A 4 14 
. 30 ercent._.-. ¢ = fe 

Pen. 77° F., 100 gm., 5 sec. oP 85-100 2 14 7 VW 
Pen. 115° F., 50 gm., 5 sec.— 
Pen. 32° F., 200 gm., 60 sec. rox {50-60 11 10 16 2 
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insure asphalt of good durability. For instance, 
C. L. McKesson (12) concludes that sulfur probably 
contributes to early hardening and loss of ductility in 
asphaltic binders. Table 14 indicates that the sulfur 
content alone is not a true indication of the probable 
behavior of asphaltic materials. Of the 18 asphalts 
of the 50-60 grade that met the requirements of the 
thin-film test, 10 contained more than 3 percent of 
sulfur and of the 24 asphalts of the 85-100 grade that 
passed the thin-film test, 11 contained more than 3 
percent of sulfur. 

It is interesting to note that the asphalts that were 
the least susceptible to temperature change, as deter- 
mined by the slope of the log penetration-temperature 
curve (1/1), consistently failed to pass the requirements 
proposed for the residue from the thin-film oven test. 
There were 10 asphalts of the 50-60 grade and 5 of the 
85-100 grade that had slope values less than 0.021 
and these all failed to pass the proposed limits set for 
the residue from the thin-film oven test. 

Undoubtedly, under service conditions asphalts con- 
tinue to show varying resistance to alterations de- 
pending on the character of service and the type of 
pavement. Asphalt technologists have centered their 
interest on changes in characteristics of asphalts chiefly 
in relation to the durability of hot-mix, dense-graded 
pavements, although the initial properties and the 
changes in properties of asphalt used in such pave- 
ments as penetration maeadam and_ liquefier-type 
bituminous concrete probably contribute to the ulti- 
mate failure of these types of pavements. The data 
in this report and the facts generally known indicate 
that asphalts have different resistances to change. 
There is the possibility that those asphalts that are 
highly susceptible to the action of heat can be handled 
at such temperatures and in such manner that they 
reach the finished pavement with a minimum change in 
their original properties. This is a problem that the 
producer and the user dependent on such material must 
eventually meet. 

CONCLUSIONS 

1. The present standard test for loss on heating and 
degree of hardening does not furnish adequate informa- 
tion concerning the probable behavior of asphalts for 
use in hot-mix paving. 

2. The relations between penetration and ductility 
and penetration and softening point determined from 
oven tests with thin films appear to be of value for 
predicting the changes in characteristics of asphalts 
that take place during mixing and after exposure to 
service conditions. 

3. The changes that occur during the thin-film oven 
test (5 hours, -inch films) in asphalts of the 50-60 
grade are comparable to the changes that may be ex- 
pected to occur in bitumen recovered from mixtures 
prepared in paving plants or from laboratory mixes 
prepared to duplicate paving plant practice. 

4. The ability of asphalts to retain their original 
characteristics as measured by tests for penetration, 
ductility, and softening point, after the 5-hour, \-inch 
film oven tests, offers a means of evaluating their rela- 
tive durability. 

5. A specification requirement based on the decrease 
in penetration and ductility and the increase in soften- 
ing point that occurs during the 5-hour, \s-inch film 
oven test should prevent the use of asphalts that are 
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injured by normal mixing temperatures, or should in- 
dicate the need for more moderate temperatures or 
better equipment to permit the asphalt to be incorpo- 
rated in the pavement with a minimum of change. 

6. Many of the special test requirements that have 
been proposed by various agencies for control of asphalt 
cement are not adequate measures of durability. 

7. Lower mixing temperatures and improvement in 
equipment will prevent undue alterations occurring in 
those asphalts highly susceptible to change in the mix- 
ing operation. 

8. Most of the producers furnished asphalt having 
high ductility but, in many cases, the ductile properties 
were materially reduced in both the thin-film residues 
and in the bitumen recovered from mixes. 
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HIGHWAY CONSTRUCTION SPECIFICATIONS 
AVAILABLE 

Specifications for construction of main highways 
through national parks and forests are now available in 
printed form from the Superintendent of Documents, 
U. 5. Government Printing Office, Washington, D. C, 
The price is $1.00 per copy—there i is no free supply. 

This 500-page publication is arranged in three parts. 
The first part contains general requirements on bidding, 
responsibility to the public, patents, liquidated dam- 
ages, payments, etc. 

The second part on construction details lists 27 items 
under earthwork; 12 under base courses; 18 under sur- 
face courses and pavements; 27 under structures, such 
as bridges, culverts, and retaining walls; and 38 under 
incidental construction, such as piling, curb and cutter, 
riprap, and sidewalks. No specifications are given for 
concrete road surfaces. Some of the listed items are 
preferred in all construction; others were included to 
meet local conditions and needs. 

The third part is a sample bid schedule. 
Issued by the Public Roads Administration, Federal 

Works Agency, the publication is titled, Specifications 
for Construction of Roads and Bridges in National 
Forests and National Parks. 

Orders for the new publication should not be ad- 
dressed to the Public Roads Administration. 
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PUBLICATIONS of the PUBLIC ROADS ADMINISTRATION 

Any of the following publications may be purchased from 

the Superintendent of Documents, Government Printing Office, 
Washington, D. C. As his office is not connected with the 

Agency and as the Agency does not sell publications, please 

send no remittance to the Federal Works Agency. 

ANNUAL REPORTS 

Report of the Chief of the Bureau of Public Roads, 1931. 
10 cents. 

Report of the Chief of the Bureau of Public Roads, 1933. 
5 cents. 

Report of the Chief of the Bureau of Public Roads, 1934. 
10 cents. 

Report of the Chief of the Bureau of Public Roads, 1935. 
5 cents. 

Report of the Chief of the Bureau of Public Roads, 1936. 
10 cents. 

Report of the Chief of the Bureau of Public Roads, 1937. 
10 cents. 

Report of the Chief of the Bureau of Public Roads, 1938. 
10 cents. 

Report of the Chief of the Bureau of Public Roads, 1939. 
10 cents. 

HOUSE DOCUMENT NO. 462 

Part | . . . Nonuniformity of State Motor-Vehicle Traffic 
Laws. 15 cents. 

Part 2. . . Skilled Investigation at the Scene of the Acci- 
dent Needed to Develop Causes. 10 cents. 

Part 3. . . Inadequacy of State Motor-Vehicle Accident 
Reporting. 10 cents. 

Part 4. . . Official Inspection of Vehicles. 10 cents. 

Part 5 . . . Case Histories of Fatal Highway Accidents, 
10 cents. 

Part 6 . . . The Accident-Prone Driver. 10 cents. 

MISCELLANEOUS PUBLICATIONS 

No. 76MP . . The Results of Physical Tests of Road-Building 
Rock. 25 cents. 

No. 1I9IMP. . Roadside Improvement. 10 cents. 

No. 272MP. . Construction of Private Driveways. 10 cents. 

No. 279MP. . Bibliography on Highway Lighting. 5 cents. 
Highway Accidents. 10 cents. 
The Taxation of Motor Vehicles in 1932. 35 cents. 

Guides to Traffic Safety. 10 cents. 

An Economic and Statistical Analysis of Highway-Construction 
Expenditures. 15 cents. 

Highway Bond Calculations. 

Transition Curves for Highways. 

Highways of History. 25 cents. 

10 cents. 

60 cents. 

DEPARTMENT BULLETINS 

No. 1279D . . Rural Highway Mileage, Income, and Expendi- 
tures, 1921 and 1922. 15 cents. 

No. 1486D . . Highway Bridge Location. 15 cents. 

TECHNICAL BULLETINS 

No. 55T . . . Highway Bridge Surveys. 20 cents. 

No. 265T. . . Electrical Equipment on Movable Bridges. 
35 cents. 

Single copies of the following publications may be obtained 
from the Public Roads Administration upon request. They can- 
not be purchased from the Superintendent of Documents. 

MISCELLANEOUS PUBLICATIONS 
No. 296MP. . Bibliography on Highway Safety. 

House Document No. 272 . . . Toll Roads and Free Roads. 

Indexes to PUBLIC ROADS, volumes 6-8 and 10—20, inclusive. 

SEPARATE REPRINT FROM THE YEARBOOK 

No. 1036Y . . Road Work on Farm Outlets Needs Skill and 
Right Equipment. 

TRANSPORTATION SURVEY REPORTS 

Report of a Survey of Transportation on the State Highway 
System of Ohio (1927). 

Report of a Survey of Transportation on the State Highways 
of Vermont (1927). 

Report of a Survey of Transportation on the State Highways 
of New Hampshire (1927). 

Report of a Plan of Highway Improvement in the Regional 
Area of Cleveland, Ohio (1928). 

Report of a Survey of Transportation on the State Highways 
of Pennsylvania (1928). 

Report of a Survey of Traffic on the Federal-Aid Highway 
Systems of Eleven Western States (1930). 

UNIFORM VEHICLE CODE 
Act J1.—Uniform Motor Vehicle Administration, Registration, 

Certificate of Title, and Antitheft Act. 

Act II.—Uniform Motor Vehicle Operators’ and Chauffeurs’ 
License Act. 

Act I]].—Uniform Motor Vehicle Civil Liability Act. 

Act 1V.—Uniform Motor Vehicle Safety Responsibility Act. 

Act V.—Uniform Act Regulating Traffic on Highways. 
Model Traffic Ordinances. 

A complete list of the publications of the Public Roads Ad- 
ministration, classified according to subject and including the 
more important articles in PUBLIC ROADS, may be obtained 
upon request addressed to Public Roads Administration, Willard 
Bldg., Washington, D. C. 
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