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LABORATORY, EXPOSURE, AND SIMULATED 
Sli OB hols OF SEOW- CURING 

LIQUID ASPHALTS 
BY THE DIVISION OF TESTS, BUREAU OF PUBLIC ROADS 

Reported by R. H. LEWIS, Associate Chemist 

W. O’B. HILLMAN, Assistant Highway Engineer 

N INVESTIGATION of the weather-resistant 
properties of a number of liquid asphalts of the 
slow-curing type was recently completed by the 

Bureau of Public Roads in cooperation with Committee 
3—b on Cutbacks and Liquid Residuals of the Association 
of Asphalt Paving Technologists. A general report ' on 
this work was given at the January 1936 meeting of the 
Association. 

The data presented in that report were discussed 
only briefly and data on some phases of the investiga- 
tion were omitted entirely. It is felt that the work 
warrants a more detailed discussion and therefore this 
report, which presents the viewpoint of the Bureau only, 
has been prepared. 

The purpose of the investigation was to determine if 
the changes that occur in the physical and chemical 
properties of liquid asphalts present as binders in road- 
surfacing mixtures of the densely graded type and the 
behavior of the road mixtures under simulated service 
conditions could be correlated with the results of con- 
ventional laboratory tests on these products and with 
the results of exposure tests?* similar to those pre- 
viously made by the Bureau on liquid asphalts of the 
same type. 

The investigation was carried out along the following 
lines: 

1. The liquid asphaltic materials were examined by 
the test methods recommended by the Bureau of 
Public Roads and The Asphalt Institute, and by other 
test methods that have been or are in use in specifica- 
tions for liquid asphaltic road materials of the slow- 
curing type. 

2. The asphaltic materials were exposed in com- 
paratively thin films to the action of solar light and 
heat and of air under different test conditions. The 
amount of volatile matter lost under these conditions 
was determined and the residues formed during the 
various periods of exposure were tested for consistency, 
ductility, and solubility. 

3. Mixtures of the liquid asphalts with a sand and 
limestone-dust aggregate were made. Portions of 
these mixtures were molded into specimens for the 
Hubbard-Field stability test and for the toughness 
test (resistance to impact). The specimens were 
tested immediately, and after exposure to various test 
conditions for different periods of time. 

4. The greater portions of these prepared mixtures 
were placed as wearing surfaces on a small circular 
track and subjected to weather conditions and con- 

1 Proceedings of the Technical Sessions of the Association of Asphalt Paving 
Be omsts, Cleveland, Ohio, January 23, 1936. 

A Study of Some Liquid Asphaltic Materials of the Slow-Curing Type, by R. H. 
ceils and W. O’B. Hillman. Pusuic Roaps, vol. 15, no. 4, June 1934. 

3 Further Studies of Liquid Asphaltic Road Materials, by R. H. Lewis and W. 
O’B. Hillman. Pustic Roaps, vol. 16, no. 6, August 1935. 

152397—37——1 

trolled traffic of rubber-tired wheels. The behavior of 
the surfaces was noted and the different sections were 
cored from time to time to determine the changes in 
stability of the mixtures. 

PHYSICAL AND CHEMICAL PROPERTIES OF ASPHALTIC MATERIALS 

DIFFERED WIDELY 

Slow-curing liquid asphaltic materials of the SC-2 
type, similar to those investigated in previous studies 
by the Bureau, and having Furol viscosities of 250-320 
seconds at 122° F., were selected for investigation. 
Information relative to the source of the base petroleum 
and the refining process used in the manufacture of the 
selected materials is as follows: 

Sample 1: An uncracked, steam-reduced Mexican 
residual (probably 250-300 penetration asphalt) blended 
with gas oil to reduce the viscosity. 

Sample 2: An uncracked, steam-reduced 
tinent residual. 

Sample 3: An uncracked, steam-reduced California 
residual. 

Sample 4: A 1,000-pound pressure cracking 
residual produced from gas oil. 

Sample 5: A low-level residue, reduced from west 
Texas crude by the Dubbs process, blended with me- 
dium-heavy gas oil to reduce the viscosity. The trans- 
fer temperature of the Dubbs process was 910° F., 
chamber pressure 200 pounds, and flashed in a vacuum 
to approximately 4,000 Furol viscosity at 122° F. 

Sample 6: A blend of 50 percent of sample 2 and 50 
percent of sample 4. 

The data obtained on sample 6 were not included in 
the report presented by committee 3-b. There was 
considerable difference of opinion among the members 
of the committee as to the advisability of including a 
blend of cracked and uncracked products in this study. 
It was held that the difference in behavior of uncracked 
materials, as represented by samples 1, 2, and 3, and of 
cracked materials, as represented by samples 4 and 5, 
was of major importance. The behavior of a blend of 
two materials in only one proportion would not give an 
accurate picture of the probable behavior of blends of 
other materials or blends of the same materials in differ- 
ent proportions. The committee therefore agreed that 
the behavior of blends should be considered in a separate 
study. The behavior of sample 6 under the various 
test conditions, however, was of such unusual character 
that the Bureau believes the data relative to this 
material should be included in this report. 

Results of the laboratory tests on the liquid asphalts, 
together with the test requirements for SC—2 grade 
material, are given in table 1. It will be seen from a 
study of this table that, with the exception of sample 1, 

85 
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TaBLeE 1.—Results of tests on original materials showing conformity with the requirements for the SC—2 grade of liquid asphaltic material 

Sample no. : 
Require- 
ment for 

1 2 3 x 5 | 6 SC-2 grade 

Specifie gravity atiie Wess eee ee ee es Be ee Pee ee Bee 1. 054 1.010 
Flash Point, \.-:60 Cases oo 2 a a a ee ee eee 380 270 
Furol viscosity at 122° F....__.-_-.. oS. eee Be Nees ee en eee ae ee 272 256 
BiOab ative Piss coe eee ee eee 65 37 
Loss at 325° F., 5 hr., 50 g ial 5.4 
Loss at 325° F., 5 hr., 20g pales 9.2 
Reaction to Oliensis test_----__--- Positive Positive , 
Organic matter insoluble:in GC Sa-2. se eee re ee ee rere PCrCON bss seat sees ce | aaa eee rear ee 0.18 0.3: 
Organic matter Insoluble imi © Ole. 2. eee ee ee eee en eae Q0sea. 0. 09 0. 04 0. 06 0. 39 2. 24 
Orzanic matter imsolabie rn 862.3. Map iit eye sees ee eet ee eer Comeee 18.3 3.0 5.4 i 16.9 
Pixed Car Don 2s2.2.5 2222S Se a ee ee eee doze 9.0 3.0 3.7 ee, 10.8 
Asphalti¢ residties. 2.2 <b.) sono eos cae ces a ae een ta ea oes ene ee doseee 67.1 72,1 62.6 64.5 74.4 
Distillation (A. S. T. M. D402-34T): 

4370 RSS ee eee ee ee ee ees ee dO... |22s.22-se0.2|2.5_-5 2. 2k). 2 eck | ee 2- 
Total amount off by svorume at: 6002 ie sae en ee eee ene ee Goss WSS oil Goes aoe aol Se ee ee ib ooeezeece ses 15— 

\6s0° HS Das 2d Cee eee eer ee ee doze== 125.5 0 11.0 0 15. 0 0 25— 
otal distillate toiG80 ena ee ee percent (by weight) -- 22. 0 0 9.8 0 12.3 SOR ANS, Bees Ee Te 
Distillation-loss 22.22.32. 5 2 a ee ee ee ee dona 4.7 Qe 5.0 4.6 4.7 3:0" |e 
Total lossiin: distillationitest= eu. oe. ae ee een ee ne ee ee ee Goze 26. 7 Oil 14.8 4.6 17.0 32.03) Be eee nee 

Tests on the distillation residue: 
Bloat at 122°. Wteccccesc cee ch cee ee ren eee eS O CONUS 196 40 41 29 89 29 25-+- 
Organic matter insolubledn OS gecss ses e ee ae eee ae eee ee DOr COGS [een eee ee ee oe ier ee ee ee 0.19 0.45 0. 10 1.0- 
Organie matter, insolublédn © Gye eee see re ee doses 0. 09 0. 09 0. 18 0. 46 1.61 0.07 Seareeee coe 
Organicimatter insolublenn S628. apniligw seme ee ae een douse 2501 Bad 6.1 120 22. 0 Te onlese eee 

1 Failed to meet specification. 

which had percentages of distillate at 600° F. and 680° 
F. that were 0.5 percent higher than the specification 
limit, all of the materials met the SC-2 specification. 
The test data do indicate, however, that although these 
materials met the same specification their physical and 
chemical properties differed widely. These differences 
will be discussed briefly. 

The three steam-reduced products, samples, 1, 2, and 
3, had lower specific gravities than did samples 4, 5, and 
6 and both the original materials and their distillation 
residues were homogeneous in the Oliensis test. When 
viewed under the microscope at 200 magnifications, 
samples 1 and 3 had clear fields both when undiluted 
and when diluted with 6 parts of carbon tetrachloride. 
Sample 2 showed a few carbonaceous particles under 
both conditions. The two cracked products, samples 
4 and 5, and the blend, sample 6, had the highest spe- 
cific gravities, were heterogeneous in the Oliensis test, 
and all contained a number of carbonaceous flecks 
when viewed microscopically. 

Photographs of the Oliensis stains are given in figure 
1, and photomicrographs of samples 2, 4, 5, and 6 are 
shown in figure 2. 

All of the products except sample 5 were almost com- 
pletely soluble in carbon disulphide, and sample 5 had 
less than 0.5 percent of insoluble matter. However, 
when carbon tetrachloride was used as the solvent, the 
solubilities of samples 4 and 5 were considerably de- 
creased, showing the presence of carbenes in these two 
cracked materials. The percentage of material in- 
soluble in 86° B. naphtha ranged from a maximum of 
18.3 for sample 1 (the Mexican base material), to a 
minimum of 3.0 for sample 2 (the midcontinent residual). 
The two cracking coil residuals both contained less 
material insoluble in naphtha than did the steam- 
reduced Mexican residual. 

BLENDED MATERIAL SHOWN TO BE UNSATISFACTORY IN 

ASPHALTIC RESIDUE TEST 

The distillation curves shown in figure 3 illustrate the 
wide range in volatile matter present in samples 1, 3, 
and 5. Since gas oil was used as the diluent to reduce 
the viscosity of the base materials of samples 1 and 5 
to specification limits, the high distillation losses un- 

2 Loss during the pouring and cooling of the residue. 

doubtedly resulted from the use of this cutting medium 
by the producer. As indicated by the total loss by 
weight in the distillation test, which includes the loss 
on cooling and pouring, sample 1 had the greatest 
amount of volatile constituents. Although no distillate 
was actually recovered from samples 2, 4, and 6, the 
distillation loss or loss on pouring and cooling of the 
residue to room temperature served to classify sample 
2 as the least volatile material. 
When the consistency of the distillation residue is 

considered in connection with the amount of volatile 
matter, the great difference in the hardening properties 
of these products is evident. The low amounts of vola- 
tile matter contained in samples 2, 4, and 6 indicate 
that they would be extremely slow hardening. Sample 
3, although having a relatively high distillation loss, 
developed a residue with the same float-test consistency 
as sample 2. Samples 1 and 5 both had high percent- 
ages of distillation loss and the high float-test values for 
their distillation residues indicated that they were the 
most rapid hardening of the six materials. 

The results of the volatilization tests on 20- and 50- 
gram samples (table 2) show in the same manner that 
sample 1 had the most volatile matter and was the most 
rapid hardening. Samples 2, 4, and 6 had the least 
volatile matter and were indicated by the test results 
to be the slowest-hardening materials. Although in 
the distillation test sample 5 lost more than sample 3, 
in the volatilization test sample 3 lost more than sample 
5. However, in both tests sample 5 produced a slightly 
more viscous residue as measured by the float test. 

A comparison of the solubilities of the residues from 
the distillation and volatilization tests showed that, 
except for the solubility in 86° B. naphtha of sample 5, 
the residues from volatilization were less soluble in 
carbon disulphide, carbon tetrachloride, and naphtha 
than were the residues from distillation, although in 
every case the samples lost more in the distillation test. 
The results of the solubility tests indicate that the 
volatilization test caused greater inherent alterations 
than did the distillation test. 

The results of the asphaltic residue test are given in 
table 3. One residue was obtained by evaporating the 
materials at a temperature of 480° to 500° F., the con- - 

“tat ~ = 
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ORIGINAL DISTILLATION RESIDUE 

SAMPLE 1 

= SAMPLE 5 

FIGURE 1.—APPERARANCES OF OLIENSIS SPOTS 

TABLE 2.—Results of volatilization tests 

ONTO. 253 os ee ee 1 2 Soler 5 6 

| 
Bpeeatio2o: ivy.) Ts, 00'2 2o0 28-2 es S percent=_|| 12738) O52) 6:7) Teil) bs4)) (0.7 
Mioaponresidueat- l22” B22. 2-2... seconds_- 47; 22} 26; 25) 31 20 

Besse inoep Fh. 6 hY.,)20: 8222-52. s shee cL percent__| 19.4) 0.2) 10.7) 1.8) 9.2) 1.1 
Tests on residue of 20-gram sample: 

maigatratles° Hoos ses) 200.2) tos eseconds..| 125/) 27) 89) 20) 64) 22 
Organic matter insoluble in CS2______- Percent=s|2 es) See soe 0. 21) 0.94] 0. 23 
Organic matter insoluble in CCl4_____- percent__} 0.10} 0.10] 0.23) 0.76) 2.59} 0.41 
Organic matter insoluble in 86° B. naphtha 

percent__| 33.7} 3.9} 8.4] 16.1] 21.6) 9.0 

trol temperature of the standard test method. The 
other residue was obtained by evaporating at a tem- 
perature of 400° to 420° F. Although sample 6 lost but 
little in the distillation and volatilization tests, the 
residues obtained were smooth and of even texture and 
there were no indications that the blend would become 
incompatible. However, when sample 6 was evapor- 
ated at a temperature of 480° to 500° F. to a penetra- 
tion of 100, the residue became granular in texture and 
grayish black in color, and when tested had a high 
softening point and very little ductility. Ss 

It is of interest to note that sample 6, a combination 
of 50 percent of sample 2 which had an asphaltic residue 
of 72.1 percent and 50 percent of sample 4 which had 
an asphaltic residue of 64.5 percent, had only 54.6 per- 
cent of asphaltic residue of 100 penetration. When an 

DISTILLATION RESIDUE ORIGINAL 

SAMPLE 2 

SAMPLE 4 

SAMPLE 6 

OF ORIGINAL MATERIALS AND THEIR DISTILLATION RESIDUES. 

attempt was made to reduce the sample at the lower 
temperature (400°-420° F.) it separated into two parts, 
one soft and greasy, the other hard and granular. 
These could not be refluxed and reduction to a satis- 
factory residue was impossible. 

TEST RESULTS SHOW NON-ASPHALTIC CHARACTER OF SAMPLE 2 

Of the other materials, sample 5 was most rapidly 
reduced to the desired penetration, followed closely by 
sample 1; samples 4 and 3 were next; and sample 2 
took an exceedingly long time to be reduced. At the 
lower temperature the time of reduction for all samples 
was appreciably increased, and the percentage of 
residue obtained was in every case greater than that 
obtained under the standard test. The increase in 
percentage of residue ranged from 2.3 percent for 
sample 1 to 11.5 percent for sample 2 with an average 
increase for the five samples of 5.2 percent. 

Under both temperatures of reduction samples 1, 3, 
4, and 5 produced residues having high ductility at 
77° F., and both residues of sample 1 had good ductility 
at 34°-35° F. The residues of samples 3 and 5 obtained 
at the higher test temperature had no ductility at 
34°-35° F. The residue of sample 3 obtained at the 
lower temperature had a ductility of 5.5 centimeters 
at 34°-35° F. and the residue of sample 5, although it 
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SAMPLES DILUTED 

SAMPLES UNDILUTED 

FIGURE 2.—PHOTOMICROGRAPHS OF DILUTED AND UNbDiILUTED ASPHALTIC MATERIALS. 

30 T ~ 

(aes) 

20 

PERCENTAGE OF DISTILLATE BY VOLUME 

400 450 500 550 600 650 700 

TEMPERATURE - DEGPEES F. 

Figure 3.—DIstTILLATION CURVES OF SAMPLES 1, 3, AND 5. 

did not pull to a thread, had a ductility of 3.0 centi- 
meters. Both residues of sample 4 had no ductility 
at 34°-35° F. 

Both of the asphaltic residues of samples 2 had low 
ductility at 77° F. but retained a high percentage of 
their original ductility when tested at 34°-35° F. The 
high penetrations obtained on the residues of this sample 
at 32° F., together with their high softening points, 
indicate that these residues were the least susceptible 
to temperature change. The residues were greasy, 
however, and appeared much harder than the penetra- 
tion test indicated. The character of the asphaltic 

MAGNIFIED 115 DIAMETERS. 

residues, the long time of reduction to the desired 
penetration, together with the low amount of material 
insoluble in naphtha in the original material, show that 
the base petroleum was essentially a paraffin-base oil. 

Although viscosity limits in specifications for liquid 
bituminous materials only insure the use of products 
of comparable workability and initial consistency, 
viscosity tests made at various temperatures are of 
value in classifying various types of material meeting 
the same specification. Viscosity tests made at 
various temperatures also can be used to distinguish 
different types of material according to their suscepti- 
bility to temperature change. Accordingly, the Furol 
viscosities of the six samples under investigation were 
determined at 104°, 122°, 140°, 158°, and 180° F. 
When the resulting viscosities are plotted against 

the temperature on logarithmic scales (fig. 4) the points 
for each sample fall generally along a straight line. The 
equation of this line i is log V=—a log ti K, where Vv 
is the Furol viscosity in seconds, tis the temperature in 
degrees Fahrenheit, —a is the slope of the curve, and 
K is the ¥ intercept. According to this equation Kis 
also the logarithm of the viscosity at 1° F. The 
coefficient —a may be used as a susceptibility factor, 
the greater the numerical value of —a the greater is the 
susceptibility of the material. Applying this factor, 
it is seen that sample 4 was the most susceptible to 
changes in temperature, followed in order by samples 
G730D 2 ADL 

The float-test consistency of these materials as deter- 
mined at 77° F. is of interest in demonstrating the un- 
usual character of sample 2. A study of a large number 
of asphaltic, semiasphaltic, and cracking-coil residuals 
of the same consistency as the six materials used in this 
study showed that for materials of the same viscosity 
at 122° F. cracking-coil products, because of their 
ereater susceptibility to temperature change, had the 
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TABLE 3.—Resulls of asphaltic residue tests 

Samples reduced at 480°-500° F. Samples reduced at 400°-420° F.1 

1 2 3 4 sh Bi Wt 1 2 3 4 5 
ee : | | 
PIERO NOON CHOU a meee saree see a aca 2 eee as neg ones minutes_- 39 600 83 81 35 300 275 1, 600 400 400 200 
(PRE. Bon eS te CRESS ee Sec re Seen a ec sR percent_- 67.1 72.1 62. 6 64.5 74,4 54.6 | 69.4 83.6 | 66.7 69. 3 78.0 
Tests on residue: 

Penetration at 77° F., 100 grams, 6 seconds-_-_..--.-..._.------------------ 86 99 110 109 95 103 104 100 104 83 106 
Penetration at 32° F., 200 grams, 60 seconds-__...-...-.------------------- 32 59 18 21 22 27 39 55 23 19 23 
POMPOM SYD OU beeme. see needs ine sows aan ene ce meen ee eaaeent = =-oeese cnc 122 126 109 106 111 139 121 139 111 111 111 
DA Oe Ae eS ee ee ee centimeters-- 90 11 110+} 110+ 110+ 4.5 110+ 4.5 110+ 110+ 110+ 
otilicygatiot.c0. Mencemee nen none 58 Pee ee centimeters_- 5.5 3.3 0 0 0 | 0 6.5 2.5 5.5 0 23.0 
Organic matter insoluble in CS2_--_.._.________-- easy Ree Per Gellar | Zs. aeons eee ce acee 0. 24 0. 66 Bite, pees |Daenee | ee eee 0. 10 0.81 
wreamematver insolubledn CCly7—2*- 8) 22 ee percent-- 0.10 0.14 | 0.04 1.33 2. 60 9.33 | 0.09 0.11 |} 0.09 1. 94 2. 56 
Organic matter insoluble in 86° B. naphtha_______ __ EN aoe percent__ 28. 4 22.5 15.3 31.1 25.8 32,4 | 28.7 25. 0 18.3 27.3 25. 6 

1 Sample 6 separated into 2? parts which could not be refluxed. 

higher float values when tested at 77° F. The high 
float of sample 2 when tested at 77° F. is, however, 
typical of results on nonasphaltic residuals of compara- 
ble viscosity. 

MATERIALS EXPOSED IN VARIOUS FILM THICKNESSES FOR VARIOUS 

PERIODS 

In exposing the materials to the action of sunlight, 
heat, and air, the test procedure followed that used 
in previous investigations by the Bureau. In this 
study, however, the materials were exposed not only in 
layers \k-inch thick but also in 4.- and \%>-inch layers. 
Three samples of each thickness were prepared of each 
material. Each sample, containing 50 cubic centi- 
meters of material, was placed in a seamless, flat-bot- 
tom aluminum pan % inch deep and of sufficient dia- 
meter to give the desired film thickness. The samples 
were placed in the exposure boxes on June 6, 1934. One 
set was removed and tested at the end of 5 weeks, 
another at 10 weeks, and the third at 15 weeks. The 
losses of volatile matter were determined by weighing 
the samples at the end of 2, 12, 35, 70, and 105 days. 

During the exposure period hourly temperature 
readings were made daily from 9 a.m. to4 p.m. The 
maximum daily temperature within the boxes varied 
from 85° to 185° F. with an average daily maximum of 
145° F. The maximum temperatures occurred on days 
with the maximum possible sunshine. On cloudy days 
there was little difference between the temperature in- 
side and outside the boxes. United States Weather 
Bureau reports showed that the samples exposed for 5, 
10, and 15 weeks were subjected to 368, 663, and 904 
hours of sunlight, respectively. The appearances of 
the samples exposed in }-inch films, after 15 weeks of 
exposure, are shown in figure 5. The results of tests 
on the residues are given in table 4. 

The residues shown in figure 5 are briefly described 
as follows: 

Sample 1: Rough, dull center, brown streak when 
scratched, some glossy material around edges in cracks. 

Sample 2: Smooth, glossy, greasy, slightly mottled. 
Sample 3: Smooth, glossy, sticky. 
Sample 4: Smooth, glossy, slightly sticky. 
Sample 5: Rough surface, raised portions dull, de- 

pressions slightly glossy. 
Sample 6: Generally glossy, rough; cracks filled with 

soft material which was fluid and greasy. 
Although not indicated in the table because of varia- 

tions in the losses by individual specimens of the same 
sample, each individual specimen, with the exception of 
those of sample 2 which gained weight throughout the 
test, lost weight progressively as the time of exposure 
increased. The table shows that the greatest losses 

ro Sample broke, not a normal test. 

1000 
900 eee ees eee as ad ek — 
800 FEE ONE nc A : 
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FIGURE 4.—RELATIONS BETWEEN FuROL VISCOSITY AND TEM- 
PERATURE FOR THE VARIOUS SAMPLES. 

occurred in the thinnest films. The order of the losses 
at the end of 15 weeks is in substantial agreement with 
the order of the losses in the distillation and volatiliza- 
tion tests. 

In figure 6 the losses at various periods of exposure 
are plotted for samples 1, 3, 4, and 5. The losses at 2, 
12, and 35 days are the averages for the three specimens 
of each sample originally exposed. The losses at 70 
days are the averages for the materials tested at the 
end of 10 and 15 weeks, while the losses at 105 days are 
the losses for the specimens of each sample tested at 
the end of 15 weeks. This accounts for the fact that 
the \-inch film of sample 3 appeared to have lost more 
in 10 weeks than in 15 weeks. 

Sample 1 not only lost more than the other samples 
but lost at a faster rate. In 12 days sample 1 had lost, 
depending upon the film thickness, from 75 to 79 per- 
cent of its total loss in 15 weeks. In the same time 
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Figure 5.—APPEARANCES OF SURFACES OF THE };-INcH Fiums or Liquip ASPHALT AFTER 15 WEEKS OF EXPOSURE. 

sample 5 had lost from 45 to 72 percent of its total loss; 
sample 3 lost from 43 to 56 percent; and sample 4 lost 
from 14 to 30 percent. In 85 days sample 1 had lost 
from 90 to 97 percent of its total loss; sample 5 lost from 
89 to 91 percent; sample 3 lost from 80 to 86 percent; 
and sample 4 lost from 49 to 61 percent. 

These comparisons show that, although the volatili- 
zation test gave an indication of the comparative 
volatility upon exposure, the distillation test gave a 
better idea of the probable rate of volatility. The 
effect of the gas oil used by the producer for reducing 
the base materials of samples 1 and 5 to the desired 
consistency was shown by the greater rate of volatility 
of these two materials under both laboratory and ex- 
posure conditions. 

MATERIALS EXPOSED IN THINNEST FILMS MOST HIGHLY ALTERED 

Within a week after the start of exposure, sample 6, 
separated into two parts, one soft and greasy, the other 
hard and granular. These two components could not 
be fluxed together and the tests on the residues were 
made after the samples had been mixed to as uniform 
a condition as possible. It will be noted that neither 
the distillation nor the volatilization tests gave any 
indication that this blend might prove to be an incom- 
patible mixture. The granular residue obtained from 
the asphaltic residue test made at the standard temper- 
ature was indicative of some instability, and the 
behavior of the material in the asphaltic residue test, 
run at a temperature of 400°-420° F., was further 
evidence that this material might prove to be a non- 
cohesive and unsatisfactory product. 

Table 4 shows that the thinner films at any exposure 
period had the harder residues. Excluding sample 6, 

sample 2 was the slowest-hardening material. After 
15 weeks the specimen of sample 2 exposed in a film 
one thirty-second inch thick had hardened to a residue 
having a penetration of 211. This residue was very 
greasy and unlike a normal asphaltic material of similar 
consistency. It had a float value greater than 1,200 
seconds at 122° F., a high softening point for material 
of this penetration, and very little ductility at 77° F. 
All other exposure residues of sample 2 had penetrations 
over 300 and were also greasy. 

The remaining 4 materials (samples 1, 3, 4, and 5) 
had hardened to a much greater extent. When exposed 
in -inch films, sample 1 was the hardest after each of 
the ieee test periods, followed by samples 5, 3, and 4. 
When exposed in \¢-inch films, sample 1 was the hard- 
est after each of the test periods, and at the end of 5 
and 10 weeks samples 5, 3, and 4 followed in that 
order. However, after the last 5-week period sample 4 
had increased in hardness until it was second to sample 
1, followed by samples 5 and 3. When exposed in a 
Yo-inch film sample 5 was the hardest at the end of 5 
weeks, followed in order by samples 1, 4, and 3. At 
the end of 10 weeks sample 1 was the hardest, followed 
by samples 4, 5, and 3, and at the end of 15 weeks 
sample 4 was the hardest, followed by samples 1 and 
5 with the same penetration, and sample 3 was the 
softest, excluding samples 2 and 6. 

For the thicker films and short periods of exposure 
the hardness of the residues was roughly proportional 
to the loss in weight. In the thinner films and for 
longer periods of exposure, the character of the material 
apparently influenced the hardening of the exposed 
residues and the cracked materials, samples 4 and 5, 
ultimately became the hardest. 
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TABLE 4.—Results of tests on thin films of liquid asphalt exposed under glass 

TRUER ACD 90 00):] 0b Ra 2 ee ee a 5 weeks (368 hours of sunlight) 10 weeks (663 hours of sunlight) 15 weeks (904 hours of sunlight) 

OO a re 1 Ste Pa ee ee 2 g. } 4 a ee 2 3 | 4 5 | 6 
a —. ——o | 

Sample exposed in }4-inch film: 
Loss.------. Sa ee eee percent_-| 22.4 |—1.0 /11.3 1.6 | 13.1 0.1 | 23.9} —1.1 {15.1 258415, J 0.1 | 23.2 | —0.9 13.8 | 4.1 15.0 0.6 
Chiloehs inte ge eS eee ae seconds. -|_.__.. 50 | 95 (896) se 49) e525 73 | 252 1003\s2ece Olt |Soeees 82 208 wce ae eee ws 71 
Penetration at 77° F., 100 grams, 5 seconds...) 59 |_--_-_|------|------ 140) 2 a2 88:|co sence nly gy eee 60) Serre 41S eee 205 | 147 as BO 
Softening OULU s emcees ere == ooh a a= nae F..| 144 91 77 67 I3T |zees5- 167 91 102 85 162) |\ossee 163 90 99 | 104 LG el eee 
Uctiibyeab (74H eens enna contimetersou|) 8. b:| ee sccfasecnn| enone 8582) 225-55 Ai Nee ase oe 110-++]....-- 2 Sp eee B65) Saat | eases MO) Bro eesee oe 
Organic matter insoluble in CS2_..-percent--| 0.21 |------]------ 0883") 0:.92>'0; 35 |) O46) |= Soon 1.80 | 1.48 | 0.58 | 0.66 | 0.14 | 0.11 ]2.87 | 1.89 | 1.48 
Organic matter insoluble in CC]i__---_- dorees |fOn14aiss.s| ees 3 2.54 | 4.49 | 1.70 | 0.53 | 0.10 0.09 | 4.76 | 5.63 | 2.29] 6.75 | 0.07 | 0.13 |6.21 | 6.45 | 5.09 
Organic matter insoluble in 86° B. naphtha 

percent_-| 35.0 8.8 {17.8 21.0 | 28.4 | 16.1 | 37.0 11.0 |24.1 24.4 | 32.3 | 21.0 | 39, 12.8 23.5 |27.8 33. 25.2 
Sample exposed in 46-inch film: d a ar rat 
L Gosee: 235) 4.2] 16.8 O07 26.5 923 Wet Nba | 16.8 Ld 

1 vara | OB0u Bileucteee |) GT laters | kL eee ec tee eo om eae Gig. | gona eee 136 
Penetration at 77° F., 100 grams, 5 seconds--.| 40 55 36. |o22<55 18 300+] 41] 24 i) eee 
Softening point coon met Gl 122 As eee 226 14 132 | 149 VANS | |S 
Ductility at 77° F__-.---- --centimeters_.| 5.0 CA UR Bee 37210) |Eaee eee 20 |70.3 | 20.3 |------- 
Organic matter insolube in CS2_---- percent-__| 0.40 4.32 | 2.85 | 2,31 | 1.42 | 0.32 | 0.22 |6.51 | 5.31 | 5.13 
Organic matter insoluble in CC14__-_-- doee== |) ON4or ls 9.08 | 9.40 |] 5.45 | 1.67 | 0.39 | 0.26 |12.62 |11.43 | 8.84 
Organic matter insoluble in 86° B. naphtha 

; percent--| 37.8 30.6 | 88.5 | 34.5 | 45.1] 19.3 | 32.2 |34.7 | 41.0) 35.5 
Sample exposed in }42-inch film: 

GE. - ES AG Pe eee ee do....| 23.6 Fe LP LS} 60s90 | 26.0) aid = 120 aoe Bea de 
LI GEARS (728 es ee SOCOMGS == peers | S4: [aera | caer an ae een (lod) |loeces inl, 200TH asec eoaaa st oemeee ToGu| se seee 1520027) Aes eee 1, 200+ 
Penetration at 77° F., 100 grams, 5 seconds_-.} 35 13 1S pees 9 211 15 5 9} 300+ 
DO eMMNs POM beas-cvess- aes shoo w cess o Fe) 188 9 LICE: |) ee 247 131 175 | 202 At Nal eh TR oe 
Dicmucy at rio be ssnc sss 5 Nc.) centimeters_.] 3.5 : : , 0 tl eee 0 2.0 |21.0 0 Oh 2 
Organic matter insoluble in CS2_.--percent_-| 0.52 | 0.17 |0.12 | 4.87 | 4.51 | 2.98 | 1.88] 0.73 {0.50 | 8.13 |10.03 | 9.20 | 2.88) 1.65 | 1.21 /12.77 |11.44 /12.52 
Organic matter insoluble in CCly__----- do___.| 0.62 | 0.18 |0.20 | 9.94 |10.84 | 7.90] 1.98 | 0.74 |0.45 {15.56 |17.14 |14.65 | 3.22 | 2.06 | 1.40 |20.12 /18.00 |16.42 
Organic matter insoluble in 86° B. naphtha 

percent..| 41.3 | 15.8 197.9 | 30.4 | 40.3 | 32.5 | 44.7) 227 |34.6 | 37.7] 46.2| 43.1] 49.7] 27.3 | 30.4 [43.6 | 50.0 | 44.9 

1 Sample seperated into 2 parts which could not be refluxed. 2 Sample broke, not a normal test. 

All of these extremely hard residues had little if any 30 ;— 4 
ductility. All of the final residues had high percentages 
of material insoluble in 86° B. naphtha and had, espe- 
cially in the case of the cracked products, including 
sample 6, large amounts of material insoluble in carbon | 

disulphide and carbon tetrachloride. The percentage 
of insoluble material was greatest in the residues of the E 
thinnest films, indicating that greater internal altera- us 
tions had taken place in these samples. cg 

. . . ° iJ 

The percentages of material insoluble in 86° B. a. 
naphtha in the residues after exposure are plotted in s 
figure 7. As the volatile constituents of the liquid r 
asphalts evaporated, the material insoluble in naphtha = 
was concentrated in the residues. Assuming no change 2 
except that resulting from loss of volatile matter, the Zz 
theoretical percentages of material insoluble in naphtha " 
that should be present in the different residues are shown wn 
in figure 7. Only in the case of samples 1 and 5 was 2 
there an appreciable theoretical increase in insoluble 
material caused solely by loss of volatile matter and the 
resulting concentration. 

The curves show that all of the residues from exposure 
contained considerably more than the calcuated amount 
of material insoluble in 86° B.naphtha. The percentage 
of material insoluble in naphtha actually present in the fo) 25 50 75 100 125 
residues of the %-inch films after 15 weeks was twice EXPOSURE PERIOD - DAYS 
the calculated percentage for sample 1 and 8.7 times the 

------ — EXPOSED IN FILMS 35 INCH THICK 
calculated percentage for sample 6. 

—-—-— EXPOSED IN FILMS %& INCH THICK 
EXPOSED IN FILMS INCH THICK 

MODIFIED OLIENSIS SPOT TEST USED IN STUDYING EXPOSURE 

RESIDUES 

One sample of each material was also exposed in a /f- 
inch film in the open air adjacent to the circular track. 
These samples were tested at the end of 15 weeks and 
the results are given in table 5. Sample 6 became quite 
granular in texture and greasy in appearance, but the 
incompatibility of the blend was not as pronounced as 
in the exposure-box tests. All of the materials had 
considerably less loss in weight than occurred in the 
distillation test and developed residues much harder 

Ab 
16 

ae 
8 

N Figure 6.—RatTeE or Loss spy ASPHALTIC MaTERIALS EXPOSED 
IN THIN FI~Ms. 

than those from distillation. Sample 1 lost the most 
and became the hardest. While samples 3 and 5 lost 
about equal amounts, sample 5 evidenced the greater 
hardening properties. 

That the asphaltic residue test cannot be used to 
estimate the amount of 100 penetration asphalt a liquid 
asphalt will ultimately develop under certain conditions 
is illustrated by the behavior of sample 1. In the 
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Figure 7.—PERCENTAGES OF MATERIAL INSOLUBLE IN 86° B. 
NAPHTHA IN THE ReEstpuES AFTER VARIOUS PERIODS OF 
EXPOSURE. 

asphaltic residue test this sample lost 32.9 percent and 
in the open-air exposure the loss was only 19.7 percent, 
yet the two residues had comparable consistencies as 
measured by the penetration test. The results indicate 
that 15 weeks of exposure in the open air was slightly 
less severe than 5 weeks of exposure in the glass-covered 
boxes. 

In a previous study of liquid asphalts, it was found 
that all of the materials that were originally homoge- 
neous became heterogeneous after 5 weeks of exposure 
under conditions similar to those existing in the expo- 
sure tests in glass-covered boxes described in this report. 
The heterogeneity apparently increased, but the spot 
test made in accordance with the original description 
of the Oliensis method * permitted only ¢ a rough approxi- 
mation to be made of the degree of heterogeneity and 
rate of increase in the residues exposed. 

At the 1936 meeting of the American Society for 
Testing Materials, Oliensis ® described a modification of 
his method that permits the degree of heterogeneity to 
be determined quantitatively. “When an asphaltic ma- 

‘A Qualitative Test for Determining the Degree of Heterogeneity of Asphalts, by 
G. L. Oliensis. Proceedings of the American Society for Testing Materials, 1933. 

5 A Further Study of the Heterogeneity of Asphalts—A Quantitative Method. 
Proceedings of the American Society for Testing Materials, 1936. Also see The 
Oliensis Spot Test Improved, by R. H. Lewis and J. Y. Welborn. Pustic 
RoADs, vol. 18, no. 3, May 1937. 

TasLe 5.—Results of tests on 14-inch films of liquid asphalt exposed 
m open fe 15 weeks 

Salm ple NOs tent sc ae eae ee eee ee ees 1 2 3 4 5 61 

Rossin To weeks2a- => ee eee ee percent_.| 19.7;—2.5) 9.1) 0.1) 10.6) 1.0 
OSG yb 22 oe Fee ae ene ee seconds-__|1,312} 50) 75 50} 343 54 
Penetration at 77° F., 100 grams, 5 seconds-_-_------ LOS| Sects eee eee +300) __..- 
Softenine pointaeseen se sees oe ee eee OC Wes|| pil23| sono pee | eee 124\-2 oe 
Ductility at 77° F _-centimenters_-_ 26). 2a |eo. eee eee eee 
Organic matter insoluble in CS»__.___-_- percent__| 0.48] 0.21] 0.17} 0.77| 0.89] 0.88 
Organic matter insoluble in CC14__ ____percent_- 0.47| 0.17] 0.14] 2.23] 3.92) 1.75 
Organic matter insoluble in 86° B. naphtha 

percent__| 33.0} 8.1} 16.1] 19.8] 27.4) 16.2 

t Material granular and nonuniform in texture. 

terial gives a positive stain after dispersion in the stand- 
ard 50° B. naphtha, the material may be considered as 
heterogeneous. If xylene is added to the naphtha in 
increasing amounts and the asphaltic material is dis- 
persed in the same volume of the blended solvent as of 
the naphtha, a concentration may be reached that will 
produce a negative stain. The degree of heterogeneity 
may then be expressed by the percentage of xylene that 
must be added to the standard naphtha in order to 
produce a negative stain. This percentage is called the 
xylene equivalent. 

In practice the laborious task of determining the 
exact percentage of xylene at which the change from 
positive to negative occurs is not justified, and, therefore, 
the xylene equivalent is generallly expressed by limiting 
percentages. Thus, a xylene equivalent of 50-55 
means that with 50 percent xylene the material gave a 
positive stain, and with 55 percent xylene a negative 
stain was obtained. If a positive spot is obtained with 
xylene alone, the degree of heterogeneity is not deter- 
minable with this solvent. 

XYLENE EQUIVALENT INCREASED AS EXPOSURE TIME INCREASED 

AND AS FILM THICKNESS DECREASED 

As previously stated, samples 1, 2, and 3 originally 
and after distillation gave negative stains when dis- 
persed in 50° B. naphtha. Samples 4, 5, and 6 gave 
positive stains not only with the standard solvent but 
also with 100 percent xylene. These three materials 
were, therefore, outside the scope of the quantitative 
test for heterogeneity. 

Samples 1, 2, and 8, when exposed under glass for 
5, 10, and 15 weeks and in the open air for 15 weeks, 
produced residues which gave positive stains with the 
standard naphtha. The xylene equivalents of the 
residues from the exposures under glass are given in 
table 6. 

It is seen that the xylene equivalent at the end of 
each test period increased as the film thickness decreased. 
For each film thickness, except the - and .-inch films of 
sample 1, the xylene equivalent increased as the time 
of exposure increased. The reason for the slightly 
lower xylene equivalents obtained on the 10-week 
residues of the - and \¢-inch films of sample 1, as 
compared to those obtained on the 5-week residues of 
the same film thickness, cannot be explained. - 

If the solubilities of the residues that produced 
xylene-insoluble spots are compared with the solubilities 
of the %»-inch film of sample 2 after 15 weeks of exposure 
(table 4), it is seen that this residue of sample 2 had a 
larger percentage of material insoluble in carbon di- 
sulphide than two of the residues reacting positive in 
100 percent xylene and more material insoluble in 
carbon tetrachloride than three of the residues whose 
heterogeneity was not determinable by this method. 
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TABLE 6.—Xylene equivalents of residues of homogeneous materials 
exposed under glass 

Xylene equivalents after exposure 

Film Am 
Sample no. thickness 

5 weeks 10 weeks | 15 weeks 

Inch 
J 1g 4-8 0-2 8-16 

4. +S Ye 8-12 4-8 (1) 

| lg 12-16 () (1) 
{ 1g 0-2 16-20 36-40 

ae 46 28-32 36-40 56-60 

| = Ye 48-52 60-64 68-72 
| 1g 24-28 32-36 36-40 

. == Vg 36-40 44-48 48-52 

| Vo 48-52 64-68 (1) 

1 Xylene insoluble. 

The residue of sample 2, however, had a xylene equiva- 
lent of 68-72. Evidently there are essential differences 
in the character of the carbenes and free carbon in 
these residues that have a direct bearing on their ready 
dispersion in either 100 percent xylene or the naphtha- 
xylene blend. 

The SC—2 type of liquid asphaltic material, when used 
in the construction of oil-processed roads, is generally 
mixed with aggregate graded in size from L inch maxi- 
mum to dust. Fine aggregate mixtures, however, were 
used in this investigation because oreater uniformity i in 
the composition of the mixed surfaces could be obtained 
in the relatively small test sections, and the fine-graded 
aggregate is more suitable for the preparation of both 
Hubbard-Field stability and toughness specimens. 

Preliminary tests were made on an indoor circular 
track with mixtures containing various proportions of 
Potomac River sand, limestone dust, and the California 
residual, sample 3. A mixture containing 85 percent of 
sand and 15 percent of dust, by weight, was used. 
This aggregate, when separated on standard sieves, had 
the following grading: 

Percent 

massing no. 10, retained on no. 20_--__-.-----___-- eres S102 
Passio no, 20, retained on no. 30_......-.-....-..._-- 14,1 
Peano. 30, retained on no. 40__---.--.------------- 20. 9 
iassing no. 40, retained on no. 50_.......-...._.-.__.-- 20. 4 
missine no. 50, retained on no. 80_.___.---..-.--.-.--- 15. 0 
meen no. 80, retained on no. 100_-_.-_-----.--_-_--- 1.8 
Passneeno, 100, retained on no. 200..._-_...___...__.-~_ 2.6 
a 0 ee eS eee See oe eo ewe ese 15.0 

This aggregate, when combined with 7.5 percent of 
oil, produced a mixture having sufficient stability to 
withstand considerable traffic without undue displace- 
ment. This percentage by weight of asphaltic material 
was equal to 18.3 percent by volume and this percentage 
by volume was used in all mixtures. Because of the 
differences in the specific gravities of the bituminous 
materials, the percentage of oil by weight of the mixture 
varied from 7.3 for sample 2 to 8.1 for sample 5. In 
this way the void-filling capacity and film thickness of 
the asphaltic materials were held constant for all of the 
mixtures. 

Sufficient amounts of each mixture were made to 
construct the track sections and provide excess material 
for Hubbard-Field stability and toughness cylinders. 
Additional cylinders 2% inches high and 2 inches in 
diameter were also prepared and stored in forms, their 
upper surfaces being exposed in the immediate vicinity 
of the track to the same climatic conditions as the track 
sections. These cylinders were used to replace cores 
taken from the track surfaces during the course of the 
experiment. 

TaBLEe 7.—Results of tests on Hubbard-Field cylinders 

Loss of bitumen by = ees Sale ‘ rie 
Aca when sample no.— Stability at 77° F. of sample no. 

tested 
(weeks) | | 

ey eas asian era ee 1 | 2 an ee! 5 | 6 
pe] | | 

| | | | 

Immedi- are Pet.|Pct.|Pct.\Pct.. Lb. | Lb. | Lb. | Lb. Lb. | Db. 
irl henge, aS) es ae ee eee | 375 | 325 400 425 350 

AGED IN OVEN AT 140° F. 

De Fo ee Ee IZ Sal) Fol Carr a Oat, Ob0 pec 42501 feb 25 525 775 425 
yok Sean tee Bh fy OU 8 et 405 “S50s1e 550 500 900 500 
Dn eee |16/ 3} 8] 3/10] 3] 1,850] 525] 750 625 | 1,025 525 
re NEE ee 17| 3] 9] 4] 11] 4] 1,825] 475] 775 | 625 | 1,150 525 
Se ee |18] 3/10} 4]12} 4] 2,200] 525 | 875 750 | 1, 250 550 

| | | 

AGED IN GLASS-COVERED EXPOSURE BOXES 

ie cee ow a omre | 1] 9825| 425| 500| 450] g50| 475 
jaa e ee 15] 2) 8) 27 9 } 2 |) 1,900) 600 900 | 750 | 1,525 700 
Si wect eee | 18] 0] 9} 2/10] 1 | 2,700 | 575 | 1,200 875 | 1,850 725 
1 AES Be SOM tt Ti sade 3 | 3,500 | 625 | 1,600 | 1,200 | 2,150 | 1,050 
TS utee 22} 1| 13] 4] 13] 3 | 4,100} 800 | 2,200 | 1,725 | 2,650 | 1,325 
ee =| 21} 0] 12} 4] 13) 2) 4,175 | 750 | 2,000 | 1,600 | 2,600 | 4,100 

AGED IN CANVAS-COVERED EXPOSURE BOXES 

ee (Pes Ol |e t iO" e 0 | o0| 500| 475| 350 | 450 650 425 
Pee oa a | 6| Oo} 2} 1) 3] 0 | 725| 600| 450] 450] 775 | 450 
Ge eel et ye OT a Op noe | aie 425 425 775 | 450 
LORE EAS fee } 11) O] 2] O} 5] 1] 1,200] 575 500 425 900 | 500 
(Heetee SOA 8 3 113] 0} 4] O|] 6] 1] 1,550} 600 675 500 | 1,100 | 575 
S0 Seen es (12760 1 S21m On| Mebate sO 1e525 1 e450 600 525 | 1,100 575 

| | | 

AGED IN OPEN AIR ADJACENT TO TRACK 

| | | | 
{ie Fee ee 4} 0/ 1] o| 2] 0| 525] 450 400 | 475 650 400 
sly Se OE 5 | 8| 1] 3] 1] 4] 1] 850] 625| 575| 425] 850| 475 
Boe cee Tea One p ate 0: | 18250) | .550 600 | 550 | 1,000 | 475 
1025 eee hea te acetate el | 1.550} 1650 800 | 575 | 1,225 | 500 
Leta ees li6| 1| 7] 1] 8| 1] 2,050| 750|1,100| 725 | 1, 550 675 
20: Sea Lehi, ak Gaye tt | 1] 1,900! 650] 1,000] 675 | 1,425 675 

| ieee 

AGED IN OPEN AIR, ALTERNATELY WET AND DRY 

| 
700 | 1,300 |. 750 Bis Soa he |--—[-ne-|----|----]---- 1,925 | 550 | 600 | 

| | | | | 

CYLINDERS AGED IN GLASS-COVERED EXPOSURE BOXES HAD 

HIGHEST STABILITIES 

The stability cylinders were made in sets of three. 
| Each cylinder, containing about 100 grams of aggregate, 
was compacted at 77° F. under a load of 3,000 pounds 
per square inch. One set of cylinders of each sample 
was immediately tested for stability at 77° F. Five 
sets were aged in an oven at 140° F., and one set of each 
was tested for stability at 77° F. at the end of 1, 2, 3, 4, 
and 5 weeks. Six sets of cylinders of each mixture 
were aged in glass-covered exposure boxes, six sets in 
canvas-covered exposure boxes, and six sets in the open 
air adjacent to the track. One set from each condition 
of exposure was tested at the end of 1, 3, 5, 10, 15, and 
20 weeks. 

All samples were weighed before and after aging 
and the loss in weight was expressed as the percentage of 
bitumen lost. One set of cylinders for each mixture 
was also aged out of doors near the track for 20 weeks 
in a large shallow pan. The cylinders were covered 
with water every night and exposed uncovered during 
the day after the removal of the water each morning. 
At the end of the test period the condition of the speci- 
mens was noted and each was tested for stability. 

The results of the Hubbard-Field stability test given 
in table 7 indicate that, although the cylinders of all the 
samples had about the same initial stability, the final 
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TABLE 8.—Results of tests on bitumen recovered from Hubbard-Field 
cylinders after aging 

Sample no. 1 2 3 4 5 6 

Original asphaltic material dissolved in benzol 
and recovered: 

HlGat at. 77° Becasssacseeere sean ee seconds__ 29) 187 35 55 48 63 
Organic matter insoluble in CCly__percent__| 0.06} 0.04] 0.05} 0.20) 2.06) 0.16 
Organic matter insol. in 86° B. naphtha 

percent__| 19.1) 3.7} 5.4) 12.0) 18.1 7.4 
Bitumen recovered from cylinders aged for 20 
weeks in glass-covered boxes: 
Mioatiatd2act ot eee eee See seconds__/1, 084 45) 100 63/1, 200 203 
Penetration at 77° F., 100 grams, 5 seconds__| 122 245 
Organic matter insoluble in CCly__percent__| 0.24] 0.41} 0.14) 1.82) 0.46) 0.85 
Organic matter insoluble in 86° B., naphtha 

percent__| 30.5) 7.6) 18.6} 22.4] 25.8 14.9 
Bitumen recovered from cylinders aged for 20 
weeks alternately wet and dry: 

PIOAt Ab. Tio ck ee oe eee BO CONS am OSal mOOs 75| 114} 3895/2, 400+ 
Hiloat at l2Ze. ye soe ee eee seconds__| 100} 35 30 31 56 57 
Organic matter insoluble in CCly__percent__| 0. 20} 0.07} 0.14} 0.40) 0. 22 0. 93 
Organic matter insoluble in 86° B., naphtha 

percent__| 24.1} 5.0} 9.8) 16.8} 21.8 13.1 

stabilities under any method of aging varied greatly. 
Cylinders of sample 1 had the highest ultimate stability 
and percentage of loss of bitumen, and those of sample 
5 had the next highest stability and percentage of loss. 
Cylinders of sample 3, although losing almost as much 
as the cylinders of sample 5, had only slightly higher 
stability than the cylinders of sample 4, which had a 
small loss of volatile matter under all methods of aging. 
Cylinders of samples 2 and 6 lost little and developed 
comparatively little stability. Cylinders of sample 6 
bad slightly greater stabilities than those of sample 2. 

The final stabilities under each method of aging, 
plotted in figure 8, show that aging in the glass-covered 
exposure boxes gave the highest stability, and aging in 
the canvas-covered boxes generally gave the lowest 
stability. The stabilities obtained by aging in the oven 
at 140° F. for 5 weeks, by aging in the open air for 20 
weeks, and by aging under alternately wet and dry 
conditions for 20 weeks, were all about the same ex- 
cept in the case of sample 3. The stabilities of the 
specimens of sample 3, exposed alternately wet and dry, 
were as low as those of the specimens exposed under 
canvas covers. 

The specimens exposed under alternately wet and 
dry conditions varied somewhat in behavior. The 
cylinders of sample 1 had some slight cracks and had 
swelled so that it was difficult to place them in the 
stability testing mold. Those of sample 2 had also 
swelled and half of the specimens had split in two 
horizontally. The cylinders of samples 3 and 4 had 
small blisters on top while those of samples 5 and 6 
remained in good condition. Although the outer 
surfaces of the specimens of the other five samples were 
dry and dull colored, those of sample 6 were always 
glossy-black and greasy, probably because of the 
tendency of this blend to separate into two parts and 
the subsequent movement of the oily fraction to the 
surface. This same behavior was also noted in the 
stability specimens exposed adjacent to the track. 

The behavior of the cylinders under these various 
conditions indicated that the hardening properties of 
sample 1, and to a lesser extent samples 3, 4, and 5, 
might vary considerably under various temperature and 
climatic conditions. Samples 2 and 6, because of 
their low volatility in the laboratory heat tests, would 
not be expected to show a great difference in behavior 
under such conditions as might normally occur in 
actual use. 

After the specimens that had been exposed for 20 
weeks in the glass-covered boxes and those exposed 

under alternately wet and dry conditions had been 
tested for stability, their bitumen was extracted with 
benzol, recovered by Abson’s method °, and tested for 
consistency and solubility. Some of the original 
material was dissolved in benzol and recovered in the 
same manner for comparative purposes. These results. 
are given in table 8. The high temperatures existing 
at times in the glass-covered exposure boxes developed 
residues in the cylinders which, when extracted, were 
much harder than the distillation residues of the original. 
liquid asphalts and, in the case of samples 1 and 5, were: 
semisolid. 

The bitumen recovered from the cylinders exposed 
under alternately wet and dry conditions was much 
harder than the original material although, except for 
samples 4 and 6, it was softer than the distillation 
residue. Comparisons of the percentages of material 
insoluble in 86° B. naphtha in the bitumen from the: 
cylinders after alternately wet and dry exposure and 
the percentages of insoluble matter in the distillation 
residues indicate that in some cases considerable: 
alterations occurred in the structure of the bitumen. 
exposed under these conditions. 

RESULTS OF TESTS ON TOUGHNESS CYLINDERS INDICATED 

VARIABLE CHARACTERISTICS OF THE MATERIALS 

The Page impact test was used to obtain further 
information on the behavior of these mixtures after 
exposure. This test has been used in previous studies. 
of bituminous mixtures in the Bureau laboratory, and 
in a report by Reeve and Lewis‘, it was indicated that. 
this test offered possibilities as a means for determining 
in advance the relative service behavior of bituminous: 
concretes. 

The impact cylinders used in this investigation con- 
sisted of six sets of three specimens each for each mix- 
ture. The cylinders, 1 inch in diameter and 1 inch 
high, were prepared in the same manner as the Hubbard- 
Field stability cylinders. They were aged in the glass- 
covered boxes and one set was tested at the end of 
1, 3, 5, 10, 15, and 20 weeks of exposure. The test was 
made at 77° F. using the Page impact machine equipped 
with a 500-gram hammer and a 110-gram_ plunger 
instead of the 500-gram hammer and 1-kilogram plunger 
used in the work of Reeve and Lewis’ and the 2-kilo- 
eram hammer and 1-kilogram plunger normally used in 
testing rock. Even with these smaller weights some of 
the specimens could not support the plunger and the 
impact value was reported as zero. 

The results of these tests, given in table 9, show that 
cylinders containing samples 2 and 6 developed little 
resistance to impact. Cylinders containing samples 1 
and 3 developed maximum toughnesses of 13 and 9, 
respectively. The cylinders containing samples 4 and 5 
first showed an increase in toughness, and then, as the 
time of exposure increased, lost in toughness. After 20 
weeks of exposure under glass the cylinders of sample 1 
had the highest stability and the highest toughness. 

The cylinders of sample 5, although having three and 
one-half times greater stability than cylinders of sample 
2, had the same resistance to impact. Although the 
stabilities of the cylinders of samples 4 and 5 showed 
no great change as the time of exposure increased, the 
gradual loss in toughness by the cylinders of sample 5 
and the rather abrupt loss in resistance to impact by 

6 Method and Apparatus for Recovery orf Asphalt. 
Society for Testing Materials. 
7Toughness of Bituminous Aggregates, Journal of Agriculture Research, vol. X, 

no. 7 ,August 1917. 

1933 Proceedings American 



July 1937 PUB e@ECTROUA INS 

TABLE 9.—fesults of «mpact tests on cylinders aged under glass 

Los F y ee. Height of drop at failure for Ree whet oss of bitumen by sample no sample no.— 

tested 
(weeks) | | 

1 2 3 4 5 6 1 2 3 4 5 6 

eteltct.\ ct. | bet.) Pet. | Pet. | Cm i-Om | Omi Cm | Cm (Cn 
UCR es 11 2 6 0 ri 0 0 0 0 0 0 
eee a 2 21 i 9 1 11 0 12 0 3 3 5 0 
‘sy ee 22 1 11 6 13 5 12 1 i 5 4 1 
CS ne 22 0 AS es i J |e es 13 2 5 10 4 2 
ia Se ee 23 1 16 5 14 3 13 2 9 4 3 1 
V1 ae: ae 22 Oy ls 4 14 3 12 2 8 5 2 l 

cylinders of sample 4 undoubtedly result from changes 
occurring in the residual binders. 

The Bureau’s circular track, shown in figure 9, was 
used for testing the materials under weathering and 
traffic. This track was briefly described in the January 
1934 issue of Pustic Roaps. It consists essentially of 
an annular concrete trough 12 inches deep, 18 inches 
wide, and 12 feet in diameter at the center line. Two 
full-size automobile wheels, fixed to the two ends of a 
rigid structural member rotated in a horizontal plane 
by a vertical shaft at the center of the track, provided 
the traffic. The load on each tire was 800 pounds. A 
hand-wheel adjustment made it possible to shift the 
path of the wheels to any position on the track surface. 
For compaction a speed of 4% miles per hour was used, 
and for all subsequent applications of traffic a speed of 
6 miles per hour was used. 

The track was divided into 6 sections numbered 1 to 
6, corresponding to the samples of asphaltic material. 
The surfaces were placed June 6, 1934, upon a sand- 
choked, trap-rock base on which a thin layer of sand- 
cement mortar had been placed to provide a smooth, 
somewhat porous base. The surfaces were compacted 
the following day by means of 1,000 wheel-trips of 
traffic distributed over the surface. At this time the 
surfaces of sections 1, 3, and 5 were well closed, smooth, 
and uniform in appearance. The surface of section 4, 
although slightly drier and more open, was also smooth 
and uniform in appearance. The surfaces of sections 
2 and 6 were smooth but somewhat nonuniform in color 
and had a greasy, noncohesive appearance. 

MIXTURES ON CIRCULAR TRACK REMAINED IN GOOD CONDITION 

DURING EXPOSURE TO WEATHER AND TRAFFIC 

The sections were subjected to traffic only 1 day each 
week, when 2,000 wheel passages of traffic were applied, 
distributed over the surface. The track was covered 
at night and during inclement weather by a portable 
shed. Traffic was applied weekly until October 1, 1934, 
when testing was suspended for the winter. During this 
period the maximum daily temperature in the surface 
Re iires ranged from 82° to 144° F. with an average 
daily maximum of 114° F. 

In the very early stages of the test, section 1 de- 
veloped quite a tough, well-bonded crust which eradu- 
ally increased in hardness. Surface cracking developed 
in this section during the sixth week after construction. 
On hot days some subsurface movement of the mixture 
could be detected under traffic. The condition of sec- 
tion 1, except for the cracks that developed, remained 
good throughout the test. 

The surface of section 2 was picked up by the tires 
during the first weekly application of traffic. This 
condition necessitated the use of canvas covers during 
the traffic runs up to and including the ninth w eek, 
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after which time the surface did not pick up under 
traffic. Shght cracking developed in the sixth week. 
Some raveling was noticeable until the twelfth week 
when virtually all raveling ceased, the surface remaining 
well cemented thereafter. 

Section 3 raveled slightly during the first weekly 
application of traffic. After that no further raveling 
was noted except for one small area which raveled 
during the seventh weekly traffic run and healed during 
the eighth traffic run. Hair cracks developed during 
the fourth week. Considerable subsurface movement 
under traffic was noted from the twelfth week to the 
end of the summer but the general appearance of the 
section continued to be eood. 

Section 4 remained in good condition throughout the 
summer. Hair cracks developed during the fifth week 
and were noticeable until the twelfth week when they 
became cemented and did not again develop. Section 
5 also maintained a good appearance although the 
cracks that developed during the fourth week remained 
unhealed to the end of the summer. 

Section 6 developed a surface similar to section 2 and 
canvas coyers were used on it during traffic up to and 
including the ninth weekly traffic run. The surface 
was then slightly greasy and still raveled to some 
extent. This raveling continued with slight modera- 
tion until the end of the summer. 

As the appearance of the sections at the end of the 
summer of 1934 did not indicate that there had been 
any failures caused by weathering of the asphaltic 
binders, the surfaces were again exposed beginning on 
May 27, 1935, and again subjected to 2,000 wheel pas- 
sages weekly until September 27, 1935. During this 
period the maximum daily air temperature varied from 
64° to 98° F. with an average daily maximum of 86° F.; 
the maximum daily temperature of the mixtures one- 
half inch below the surface varied from 65° to 151° F. 
with an average daily maximum of 126° F.; and at 1% 
inches below the surface the maximum daily tempera- 
ture varied from 64° to 142° F. with an average daily 
maximum of 117° F. 
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Figure 9.—OutTpoor CrrcouLtarR Track USED IN THE WEATHERING TESTS. 

Since the surfaces had become fairly well bonded, the 
shed that had been used to protect the track at night 
and on rainy days was removed on the first of July for 
the balance of the test. No noticeable changes occurred 
in the appearance of the surfaces from week to week 
and on September 27, 1935, after 70,000 wheel-passages, 
the appearance and condition of the surfaces were good, 
as shown in figure 10. 

The track sections shown in figure 10 are briefly 
described as follows: 

Section 1: Gray, hard, and well-bonded, with open 
alligator cracks; soft and yielding underne ath. 

Section 2: Black and ‘pliable with a thin, easily 
broken surface skin having very indistinct cracks; soft 
and veer underneath; “asphalt seeped through the 
hard cracks slightly under traffic. 

Section 3: Grayish black, well-bonded and_ fairly 
tough with slight alligator cracks; soft and yielding 
underneath. 

Section 4: Grayish black, firm and well-bonded with 
almost indistinguishable hair cracks; firm underneath. 

Section 5: Grayish black, firm and well-bonded with 
indistinct hair cracks; a black hairline of asphalt along 
ach crack showed a tendency to heal by seepage and 
hardening of the asphalt. 

Section 6: Black and greasy; 
not well cemented; surface 1 
firm underneath. 

firm with no cracks but 
raveled if broken slightly; 

TRAFFIC ON ALTERNATELY WET AND DRY TRACK CAUSED FAILURE 

OF CERTAIN MIXTURES 

As the asphaltic materials had shown considerable 
variations in characteristics and behavior, as measured 

by the results of other tests and the track sections con- 
taining them had shown no great variations in hehavior 
under the traffic test, it was decided to change the 
character of the traffic test. After making permeability 
tests, which indicated that all of the surfaces were 
impervious to water, traffic was applied in increments of 
6,000 wheel passages daily. The surfaces of the sec- 
uae were sprinkled with water 1 day during the period 
of traffic application; the following day traffic was ap- 
plied with the sur face dr y. Thus “the track was alter- 
nately wet 1 day and dry the next during the application 
of traffic. 

No changes were noted in the condition of the sections 
until the third application of traffic on the wet track 
when sections 2 and 6 began to ravel, section 2 raveling 
the most. This raveling diminished considerably the 
followimg day when the track was dry. The asphaltic 
material seemed to have been stripped from the sand 
particles on the surface. Section 3 started to ravel on 
the fourth application of traffic on the wet track, 
although the sand displaced from the surface of section 
3 appeared to carry more oil than that thrown off the 
surfaces of sections 2 and 6. Sections 1, 2, 3, and 6, 
under continued traffic, tended to shove and push over 
the curb. This behavior was least pronounced on sec- 
tion 1. After the fourth application of traffic on the 
alternately wet and dry track, sections 2 and 6 had 
both raveled so extensively that the test was discon- 
tinued although sections 4 and 5 had still shown no 
tendency to displace or ravel. Tests showed that all 
of the sections were still impermeable to water. The 
aD Rae of the surface of each section is shown in 
igure 11. 
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Figure 10.—APPEARANCES OF THE TRACK SECTIONS AFTER THE APPLICATION OF 70,000 WHEEL-PASSAGES OF TRAFFIC. 

From time to time 2-inch cylinders the full depth of 
the surfaces were cored from the track sections and the 
upper inch was tested for stability at 77° F. in the 
Hubbard-Field machine. The holes from which the 
cores were taken were refilled with the previously 
molded cylinders. The results of these stability tests 
are given in table 10. 

After the completion of the final traffic tests, a por- 
tion of each section was removed for extraction of the 
soluble asphaltic material, in the same manner as pre- 
viously described, and the recovered bitumen ana- 
lyzed. The results of these tests are given in table 11. 
Layers of the surface one-half inch thick were used for 
analysis. Section 1 was the only section that had an 
appreciable surface crust. This crust was approxi- 
mately one-eighth inch thick and the bitumen therein 
was recovered separately, in addition to the bitumen 
recovered from the top 44-inch layer which included this 
crust. Sections 1, 2, and 3 possessed varying degrees 
of plasticity throughout their entire thickness, section 1 
being the most plastic, followed by section 3 and then 
section 2, which, although greasy, was slightly plastic. 
Sections 4, 5, and 6 were friable and crumbly, section 6 
having a very dry, somewhat greasy appearance. 

Comparison of tables 7 and 10 shows that only the 
cores of sections 2, 4, and 6 had greater stabilities at 
the conclusion of the test than did the molded cylinders 
containing the same asphaltic binder and exposed under 
glass for 20 weeks. Stability is developed by an 
increase in the density of the mixture or by an increase 
in the hardness of the contained bitumen. The molded 
cylinders increased in stability only through an increase 
in the hardness of the bitumen by loss of volatile matter 

TaBLE 10.—Results of Hubbard-Field stability test at 77° 
cores taken from the track sections 

F. on 

Sample no. 

Date cored 

June 8, 1934 (immediately after com- | JO. Lb. Lb. Lb. Lb. Lb. 
PaAckion.) Bee wee ee Ee a 350 400 200 250 225 225 

June 12, 1934 (after 1 week) __________-- 300 250 150 250 350 250 
June 26, 1934 (after 3 weeks) Bae eee 500 300 250 300 350 250 
July 10, 1934 (after 5 weeks)_-_.__-.-_-- 600 425 400 500 575 450 
Aug. 14, 1934 (after 10 w eeks) Esto, os ae WD 875 650 750 950 700 
Sept. 19, 1934 (after 15 weeks)_________- 1,525) |) 1,250 700 | 1, 100 950 950 
May 27, 1935 (before 1935 exposure) -_---| 1,950 | 1, 250 975 |) 1.250 Wi1076 | 15125 
Sept. 27, 1935 (before traffic on alter- 

nately wet and dry track)__________- 2,300 | 1,675 | 1,600) 3,700 | 1,425: | 1,275 
Meen971935) (final tests)p.s2- ses ee 2,375 | 1,800 | 1,450 | 1,825 | 1, 550 | 1, 650 

| | 

and other alterations. This increase in hardness, as 
previously shown, was considerable, especially by the 
cylinders of samples 1 and 5. 

The track surfaces, on the other hand, increased in 
stability both from an increase in hardness of the 
bitumen and from increased density caused by traffic. 
The bitumen extracted from the surfaces was in no 
case as hard as the bitumen extracted from the molded 
cylinders exposed under glass. In no case, except the 
top \-inch layer of section 1, were the extracted bitu- 
mens appreciably harder than the residues from dis- 
tillation of the original materials. In the case of the 
sections containing samples 2, 3, 4, and 6 the extracted 
bitumen was of approximately the same consistency as 
the distillation residue. In the case of the section 
containing sample 1 (exclusive of the }-inch crust), 
and of sample 5, the extracted bitumen was softer 
than the distillation residue. 
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FicurEe 11.—APPEARANCES OF TRACK SECTIONS AT END or TEST. 

TaBLE 11.—Results of tests on bitumen recovered from circular 
track sections after completion of traffic tests 

| | Tests on recovered bitumen 
| Asphaltic| 
| material | Bitu- . 

Aa We eaten en Layer aoe Organic | Organic | Orsanic 
tion ture extract- Float matter aes matter 

| rhen ed} eae Ml Sea as insoluble ye | at 122° F.| insoluble | insoluble | 280.0 laid ! in CS in CC], | 12 86° B. 
a * | naphtha 

Selec ia =e al lat | | 

| Percent | Percent| Seconds | Percent | Percent | Percent 
| Top % inch____- real 232 0. 04 | 0. 08 31.5 

1 7.5 |} Top % inch____- (heal 80 . 04 | . 03 20k 
| Second % inech_- (GY) 50 . 06 . 04 25.1 

Third 4% inch-__| Pi | 39 . 07 . 03 24.6 
| |Top ¥ inch. 7.7 36 ‘04 “08 8.5 

2 7.3 |4Second 14 inch_- 7.4 36 . 08 | ul 7.3 
(Third 144inch___| 6.9 | 43 ib: .10 7.6 
{Top W inch____- eau 38 . 08 | . 04 14.3 

7.5 |4Second ¥% inch__} ieee) 26 mae Spl 11.9 
[Third 4% inch___| ea 26 . 06 . 04 1h a 

| {Top anol. 7.4 39 . 09 1, 07 18. 0 
$ 8.1 |{Second 4% inch__| Te3 | 32 14 | 1,01 16.9 

\(Third 4% inch___ 8.1 25 . 08 76 | 16.6 
{Top 4 Inch_-__- 7.5 | 56 . 08 | sie 21.2 

7.8 |{Seeond % inch_- Td 49 - ii | .88 2005 
|(Third 144 inch___) foil) 66 12 . 82 2156 
|| Top 14 imch_____ 7.0 38 SOT a 52 10. 

6 7.7 |;Second % inch__| 6.9 33 ee 20 9.6 
|(Third 4% inch__-_ 6.5 35 20: | .99 10. 4 
| 

1 Percentage by weight. 

The high stabilities of the final cores from the track 
sections containing samples 2, 4, and 6, when compared 
with the low stabilities obtained on the cylinders after 
20 weeks of exposure under glass (in which the asphaltic 
materials had hardened to a greater extent), indicate 
that the higher stabilities of the cores from the circu- 
lar track sections must result chiefly from the increased 
densities that developed under the action of traffic. 
Although a hard outer crust was formed on the molded 

specimens, no appreciable crust was formed on any 
of the track sections except section 1. This is shown 
for sections 2, 3, and 6 by the fact that, although 
raveling removed the surfaces to a great extent upon 
sections 2 and 6 and to a lesser extent on section 3 dur- 
ing the final application of traffic on the alternately 
wet and dry track, results of stability tests on the final 
cores taken from the track sections showed that no 
change in stability occurred during this period. 

SUMMARY 

While the purpose of this investigation was to corre- 
late the service behavior of these selected slow-curing, 
liquid asphalts and road mixtures containing them with 
the results of the usual laboratory tests and with the 
results of the exposure tests, there are certain factors 
that must be considered in interpreting the test data 
already presented. 

It is believed that the conditions of the circular track 
weathering test were not as severe as those to which 
mixtures of similar character would be subjected if 
placed as actual road surfaces for the following reasons: 

1. The surfaces received lateral support from the 
curbs. 

2. The sections were laid on a dry, stable, nonflexible 
base. 

3. The traffic applied subjected the surfaces to prac- 
tically no impact or mutilative forces. 

4. Comparatively light wheel loads were applied. 
The fine-graded mixtures compacted to produce a 

dense, tight surface so that loss of volatile matter and 
Whe cp of the asphaltic binders were greatly re- 
tarded. 
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The conditions of the exposure tests, especially those 
made on the thin films and molded specimens in the 
glass-covered boxes, were more severe than those that 
occur in the circular track test or under actual road 
conditions. Accordingly, the extreme differences in 
ultimate behavior of the track sections, which the 
results of the exposure tests on both thin films and 
molded specimens indicated might occur, did not de- 
velop within the period these sections were under test. 

The great potential differences in hardening prop- 
erties of the materials investigated are shown by the 
results of the laboratory tests as well as by the exposure 
test results. It is clearly indicated that the distillation 
requirements for SC-2 material and the consistency 
requirements for the residue from distillation are too 
wide to permit selection of liquid asphalts with com- 
parable hardening properties. The behavior of the track 
section containing sample 1, which immediately develop- 
ed a hard surface crust, and the slow development of a 
cohesive surface in the sections containing samples 2, 3, 
and 6, show the extremes in behavior that may occur. 

While the routine laboratory tests indicated that 
there should be little difference in the road behavior of 
samples 2, 3, 4, and 6, the behavior of the track sections 
containing these products definitely show that there are 
decided differences initially and after weathering in the 
inherent binding and cementing qualities of these 
materials that are not indicated by those laboratory 
tests generally used to determine the conformity to 
‘specifications. The raveling that occurred in varying 
degrees in sections 2, 3, and 6, and the inability of these 
three sections to resist abrasion under traffic on the 
alternately wet and dry track, in contrast to the be- 
havior of the section containing sample 4, indicate that 
the true cementing or binding properties of these ma- 
terials are not shown by the laboratory tests on the 
original materials or by stability tests on the mixtures 
either before or after weathering. 

The blended material, sample 6, did not, under the 
laboratory tests required by the specification for SC—2 
material, show any indication of being an unstable blend. 
Its instability was indicated by the asphaltic residue 
test run at standard temperature and was definitely 
shown in the exposure tests and in the behavior of the 
track section containing this material. It is believed 
that this material would prove unsatisfactory as a 
binder in surfacing roads. 

Because of the slowness of the sections containing 
materials 2 and 3 to resist raveling and their inability 

after considerable aging to resist the scouring action of 
traffic when wet, it is believed that materials 2 and 3 
would not prove entirely satisfactory as binders in 
wearing surfaces, particularly when used with fine aggre- 
gate similar to that used in this investigation. 

Materials 1, 4, and 5 produced mixtures that im- 
mediately possessed good resistance to the abrasive 
action of traffic and were not disturbed during the final 
application of traffic on the alternately wet and dry 
track. In sections containing materials 1 and 5 some 
loss of volatile matter and the resultant hardening 
of the binder might have been responsible for their 
behavior. The results of tests on sample 4 and 
mixtures containing it indicate that the loss of vola- 
tile matter in the asphaltic material was far too small 
to account for the early and subsequent behavior of 
this section. 

The relative merits of materials 1, 4, and 5 as binders 
in this type of construction were not definitely indicated 
by these tests. The development of cracks in the sur- 
face of section 1 could probably have been avoided by 
additional manipulation of the mixture before spreading. 

The more plastic condition of the bituminous mixture 
in section 1 at the end of the test, in spite of the cracked 
surface crust, together with the high toughness de- 
veloped and retained by the cylinders containing sample 
1, indicate that this sample is of more durable character 
than samples 4 and 5 for the following reasons: 

1. Sections containing samples 4 and 5 were in a 
friable condition when disturbed at the end of the test. 

2. Impact cylinders containing samples 4 and 5 
lost toughness on continued exposure. 

3. There was high carbonization in the thin-film 
exposure residues of samples 4 and 5. 

TABLE SHOWING STATUS OF PUBLIC WORKS 
HIGHWAY CONSTRUCTION OMITTED FROM 
THIS ISSUE 

The table showing the current status of Public Works 
highway construction has been omitted from this issue. 
This table will appear in future issues only as space is 
available but at intervals not exceeding 3 months. 

On June 30 Public Works highway funds were in- 
volved in 286.8 miles under construction, 117.9 miles 
were approved for construction and $4,570,020 remained 
available for new projects. 

Copies of the table showing the status by States may 
be obtained upon application to the Bureau. 
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