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ACCIDENT HAZARD AT GRADE CROSSINGS 
A RATING BASED UPON RAILWAY AND HIGHWAY TRAFFIC, TYPE OF PROTECTION, AND 

PHYSICAL CHARACTERISTICS OF THE CROSSING 

BY THE DIVISION OF HIGHWAY TRANSPORT, PUBLIC ROADS ADMINISTRATION 
Reported by L. E. PEABODY, Senior Highway Economist, and T. B. DIMMICK, Associate Highway Engineer-Economist 

IGHWAY ENGINEERS have been attempting 
for some time to develop a method of measuring 
the need for railroad-highway grade crossing sepa- 

ration or protection, and of stating this need in the form 
of a numerical rating. Many plans, founded on studies 
of the various basic relationships, have been proposed. 
Generally, the rating has been reached by assigning 
coefficients to various factors connected with the indi- 
vidual crossing and inserting these coefficients in a 
formula. Because the coefficients chosen were fre- 
quently the result of estimates, the ratings have often 
lacked uniformity and were sometimes thought to be 
biased. 

Elimination or protec- 
tion of railroad grade 
crossings should not de- 

tures is usually based on one or both of two considera- 
tions—the relative potential danger to human life, or 
the relative loss of time. In considering rural grade 
crossings it is believed that the hazard to life is more 
important than the time factor. In rural areas trains 
move faster and the time loss at crossings will not be as 
serious a matter generally, although it may be a source 
of annoyance. The method discussed in this paper 
deals with the measurement of the hazard at the grade 
crossings as one means of evaluating the need of separa- 
tion or protection. 

In order to calculate the hazard that exists at any 
crossing, a large amount of information was collected 

by the various highway 
planning surveys in all 
sections of the country 

pend solely upon the 
inherent hazard of the 
crossing itself. A priority 
program made up on such 
a basis, even if perfect 
ratings of inherent hazard 
were available, might 
result in exhaustion of 
funds with the separation 
of a few very dangerous 
crossings. A wiser distri- 
bution of the funds might 
permit the separation, or 
rotection, of a much 

Methods of measuring the need for highway-railroad 
grade crossing separation or protection have long been 
sought by highway engineers. Formulas have been 
advanced in which coefficients have been assigned to 
various factors connected with the individual crossing. 

A large amount of information, collected by the 
various highway planning surveys in all sections of the 
country concerning rural grade crossings at which 
accidents had occurred, was used (1) in calculating 
protection coefficients for various types of crossing 
protection, and (2) in evaluating the relative accident 
hazard at crossings. 

Hazard ratings are particularly valuable in obtaining 
the maximum of hazard reduction, either through 
crossing protection or elimination, for a given expendi- 
ture. They may be quickly calculated by graphical 
methods; and the hazard rating is a valuable means of 

concerning rural crossings 
at which accidents had 
occurred. Data concern- 
ing 3,563 such crossings 
were furnished jby the 
planning survey organ- 
izations of 29 States. 
This information con- 
sisted of a description 
or sketch of the crossing, 
a statement of the 
highway and railway 
traffic using the crossing, 

arger number of cross- 
ings and with an aggregate 
hazard elimination much 
in excess of that resulting 
from the first program. 
The more valuable measure would be based upon the 
cost per unit of hazard reduction, and the objective 
should be the maximum of hazard elimination with a 
given sum of money. 

The total cost of elimination depends in part upon the 
cost of any adjacent lands that must be acquired, as 
well as upon the construction expenditures necessitated 
by the physical layout at the individual crossing. The 
cost of one separation at a location where land values 
are high, if distributed over several locations where con- 
struction expenditures are smaller and land values are 
lower, might result in the elimination of a total of many 
times as much hazard. 

treatment. 

RATINGS BASED ON HAZARD TO LIFE AND TIME LOSS 

Another factor to be considered in the setting up of 
such a program is the amount of delay to highway traffic, 
and resulting economic loss, at a crossing. Where 
hazard ratings are approximately equal, the crossings 
used by the larger number of motor vehicles should be 
selected for elimination, since this will result in a mini- 
mum of economic loss due to delay. 

The evaluation of objectionable grade crossing fea- 

402360—41——1 

selecting crossings that should receive priority in 
Local conditions at the crossing are shown 

to be of considerable importance. 

and a description of 
the accidents that had 
occurred in a 5-year 
period. 

The description of the 
crossing included the 

clear view distances measured along the tracks from 
points on the highway 300 feet from the crossing, 
the gradient of the highway on either side of the 
crossing, the alinement of the highway at the 
crossing, the surface type, the number of tracks 
crossed, the angle of intersection of the highway 
with the railway, and other special features that 
might affect the safety of the crossing. Any type of 
protection that had been installed at the individual 
locations was described. Data concerning the 
average daily highway and train traffic were generally 
subdivided to show the division between passenger- 
car and commercial traffic on the highways and the 
division between high-speed, medium-speed, and stand- 
ing or switching trains, on the railroads. Finally the 
number of accidents, including the number of persons 
killed and the number injured, were given and the 
accident causes which could be determined were re- 
ported. This information covered a period of 5 years, 
generally from 1932 to 1936 inclusive, and furnished a 
basis for determining the relations between the number 
of accidents and some of the factors contributing to 
these accidents. 
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Several deficiencies in existing accident reports con- 
dition the results of this study and should be stated to 
insure a complete understanding by the reader. Some 
writers of accident reports ascribed similar causes to 
accidents which were very different in nature. For 
example, the reports of one division superintendent 
stated, with almost flawless uniformity, that the acci- 
dent resulted from ‘“‘car stalled on crossing.”’ Other 
more careful reporters used the same phrase, but differ- 
entiated between the motor-vehicle operator who rounds 
a sharp curve or comes from a sector with short sight 
distance and is surprised to find a train a short distance 
away, and other cases to be cited. This operator, in 
panic, kills his motor and does stall his car directly 
before the approaching train—often with fatal results. 
Other accidents, generally described as ‘‘car stalled on 
crossing,” include cases of drunken drivers who have 
left their vehicles standing on the crossing, drivers of 
stolen cars who have abandoned the stalled cars because 
of fear of apprehension, and the driver who leaves the 
car standing on the crossing while he goes for assistance 
toremove it. The case first cited differs fundamentally 
from the three others. All have actually been found, 
some frequently, in the accidents reported. 

The first case is a true ‘‘accident”’ in the generally 
accepted meaning of the word. The drunken driver's 
‘“secident” is self-induced; the driver of the stolen car 
suffers no economic penalty from his “accident” and 
may be indifferent to the possibility of injury or death 
to those in the train; the driver who leaves the car while 
he goes for help may either be exercising poor judgment 
or may actually be unable to push the car alone. How- 
ever, if the accident reporter records them all as due to 
“car stalled on crossing’ and gives no further detail, 
the true hazard rating of the crossing is obscured. Fail- 
ure to differentiate in these cases is not uncommon and 
has serious unmeasurable effects upon the results of an 
accident relation study. Other and relatively infre- 
quent causes such as the case of the driver who is con- 
vinced he can beat the train over the crossing and 
shoves down the accelerator, while his passenger is 
equally convinced that it can’t be done and grabs the 
brake, must be dealt with in the analysis. 

There are other difficulties in arriving at the true 
hazard rating of a crossing. For example, some cross- 
ings have been given ‘‘over protection” in the sense 
that the true hazard rating would not justify the kind 
of protection that has been installed. These cases often 
result from public demands after some particularly 
spectacular accident which may have occurred during 
Christmas holidays or which was accompanied by 
fire, as when a gasoline truck is hit. These more or 
less isolated accidents provoke widespread discussion 
and criticism and, because of their spectacular nature, 
often result in the 1 ‘ossing being given a higher type 
of protection than would gener ally be thought necessary. 

LOCAL CONDITIONS SHOULD TEMPER USE OF FORMULA 

The formula for the rating of crossings derived herein 
is general and does not take completely into account 
special local conditions that greatly affect the true 
hazards at a given crossing. It has the advantage 
of objectivity but does not take into account the effects 
of some of the specific conditions peculiar to the indi- 
vidual crossing. For example, there are crossings 
where every train movement is guarded by brakemen 
who serve as flagmen. These crossings show a statistical 
movement of a certain number of trains per day; while 

from the standpoint of true hazard (because of the 
protection given each train movement), there are 
actually no trains per day. A crossing of U. S. Route 
1 near Laurel, Md., and another crossing of U. S. 
Route 1 near the Washington Airport between Wash- 
ington, D. C., and Alexandria, Virginia, are examples 
of such cases. 
Any formula arrived at through use of accident 

experience must be general in application because of 
the wide variety of conditions to be met. Never theless, 
a rating of crossings upon a basis of knowledge of local 
conditions alone is subjective, and suffers from failure 
to take accurately into account the effect upon the 
hazard of the amount and type of highway and railway 
traffic, the protective devices in operation at the cross- 
ing, and the physical characteristics of the crossing 
and its approaches, such as angle of vision, sight 
distance, number of tracks, grade of approach highways, 
etc. 

Because of the conditions just cited it would seem 
best to use any formula in conjunction with a knowledge 
of peculiar local conditions. To be sure, it is difficult 
to know how much to modify the formula for hazard 
rating by consideration of local conditions such as those 
described in detail above. However, a rating of the 
crossings of a State made upon the basis of the formula 
may be compared with ratings made independently by 
several individuals who are well acquainted with local 
conditions surrounding individual crossings. Priority 
lists for elimination or protection of crossings arrived 
at in such fashion will combine the best features of 
both methods. 

Another major problem involved in the derivation 
of a formula for hazard rating is whether to include or 
exclude in the analysis, crossings for which no accidents 
were reported during the period covered by the study. 
It is possible that at these crossings there may have 
been an accident, very soon after the close of the period 
under observation, or there may have been an accident 
in the period just prior to that for which data were 
reported. Five years, the period used in the study 
covered by this report, is a rather short time for the 
establishment of true accident ratings, and a rating of 
0.2 on the basis of 5 years’ experience might become a 
rating of 0.8 on 25 years’ experience. Because of this 
relatively high variability, and the relative shortness 
of the experience, it was decided to omit from consid- 
eration altogether data for crossings at which no acci- ’ 
dents were reported within the 5 years studied. 

A study was first made of the data submitted to deter- 
mine the accident trend caused by variations of the 
various items concerning the crossings. Several of these 
items are qualitative and suitable preliminary coeffi- 
cients were determined on a basis of traffic per accident. 
This study indicated that considering traffic, both high- 
way and train, and type of protection, a definite trend 
was easily obtainable. Other items, although they 
probably influenced the safety or hazard at individual 
crossings, when considered in combination indicated no 
average trend or one too indefinite to make its use 
practicable. The results of this preliminary study indi- 
cated, therefore, that traffic and protection were the 
ae factors that could be depended upon to rate the 
crossings on an average accident basis. 

Before calculating “the preliminary coefficients, all 
data concerning accidents of the “scratch” type—those 
resulting from intoxication, and certain of the “car 
stalled on crossing”’ type, as previously described, were 

Pde oe 
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eliminated. Accidents such as “striking gates” or ‘‘run- 
ning off crossing plank’’ were thought to be of minor 
importance and were excluded from the study being 
made. The accidents due to drunkenness were elimi- 
nated because it was assumed that drivers in that con- 
dition were unfit to handle their vehicles and would 
possibly have had an accident with passing traffic or at 
some obstacle along the roadside if they had not hap- 
pened to have the accident at the crossing. A few other 
accidents of a miscellaneous nature, which were not 
connected with a train movement, were also eliminated 
from the study. 

PROTECTION COEFFICIENTS CALCULATED FOR VARIOUS TYPES OF 

CROSSING PROTECTION 

As stated above, preliminary coefficients were deter- 
mined for the various common types of protection by 
determining the average number of ‘‘exposure units”’ 
which passed over all crossings of each type of protec- 
tion for each accident which had occurred at those cross- 
ings. The exposure units were obtained by multiplying 
the average daily highway traffic by the average daily 
train traffic. These products were divided by 100 to 
reduce the size of the figure. The equation used in 
determining the coefficient for each type of protection 
was as follows: 

P =n) (Goa = wy (=) ~------- (1) 
where 

P=the protection coefficient for a type of protec- 
tion, 

N=the number of crossings in a type group, 
H=the highway traffic at each crossing, 
T=train traffic at each crossing, and 
A=number of accidents. 

Using the above formula the following preliminary 
protection coefficients were determined: 

Hise pol 

Type of protection: coefficient 
eens ter was Sn eee ale he te 8 19 
she a ee ke 29 
A Se all EEE ee eel ee ae 56 
IMEI? AM rg os ce oe ess em ant anc =~ = 63 
ao Epa piper ay ey ae 96 
Pepeenta And bells. so 22°55 lac. cuc ee su-ne 114 
meeweo and fashing lights....-..._.......--..... 121 
Wigwag, flashing lights, and bells__-______________ 147 
SEES CELE STA i: res Sage a ee ac ea 119 
Watchman, 16 hours-__--------- ee ae 180 
fente4. Noute. ok 2 oe a Ok 228 
I MONET os his > nee og : ee 241 
OS TS eee ee ee 333 

_ Study of the coefficients listed above reveals several 
interesting comparisons. It will be noted that bells 
were approximately one and one-half times as effective 
in preventing accidents as the signs alone. It is likewise 
shown that wigwags were more effective than bells, 
and flashing lights were more effective than wigwags. 
It is also interesting to note that a combination of any 
two of these types of protection was more effective 
than either type alone, although in all cases the index 
for the combination was less than the sum of the indi- 
vidual indices. 
A sufficient sample was not available to permit the 

calculation of a coefficient for gates operated less than 
24 hours. The signs included both plain painted signs 
and those equipped with reflector buttons. No attempt 

was made to determine the effectiveness of one wigwag 
compared with two wigwags at a crossing, or to measure 
the protection of these types with signs as compared 
with the mechanical equipment without signs. While 
all of the figures are approximate and might be different 
for another sample of crossings, it is believed that the 
sample used was entirely sufficient and that the relations 
expressed between the various types of protection are 
logical and sufficiently accurate for use in the study 
which was made. 

These coefficients are of particular value when cir- 
cumstances indicate that the maximum of hazard reduc- 
tion will result from improvement of the protective 
devices at a large number of crossings rather than from 
the same expenditure for the elimination of a few 
crossings. 

Using the highway traffic, the train traffic, and the 
protection coefficient as independent variables and the 
number of accidents as the dependent variable, a 
correlation was made of the data using the following 
equation: 

Re ae I=0=4—+K.------------- (2) 

where J=probable number of accidents in a 5-year 
period (this figure to be used as the 
hazard rating), 

H=highway traffic 
vehicles, 

7T=train traffic—trains per day, 
P=protection type coefficient, 
C=constant, 
K=additional parameter, and 

a, b, and c=fractional exponents. 

average daily number of 

PROBABLE NUMBER OF ACCIDENTS IN 5 YEARS USED AS INDEX 

OF HAZARD 

The probable number of accidents which would occur 
at a crossing in a 5-year period was assumed to be a 
sufficient index of the hazard at a crossing. From the 
correlation that was made it was found that the index 
could be calculated from the following equation: 

F{°-170 [0.151 ro agllnx To 
As an aid in calculating the hazard rating, curves 

were plotted showing the relationships between the 
hazard and the highway traffic (fig. 1), the train traffic 
(fig. 2), and the type of protection (fig. 3). From these 
data the hazard values for each contributing item con- 
sidered may be determined, that is 7%, 7°, and P’, and 
these inserted in equation 2. When these factors are 
inserted, the formula may be reduced to the following: 

9 Pt ee hore ae (4) 

where J=probable number of accidents in a 5-year 
period (the hazard rating), 

T,=an unbalanced rating, and 
K=an additional parameter. 

The factor K can be obtained from figure 4 which gives 
the variation of this factor for values of the unbalanced 
rating J,. The product of 1%, 7°, and C divided by 
P’, plus K, gives the probable number of accidents 
which will occur in a period of 5 years and a figure which 
is used in this study as the hazard rating. 
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Use of this formula is illustrated using data for two 
rural crossings in Oregon. The first crossing is in 
Clackamas County at milepost 13.27 on road 160. 
The average daily highway traffic is 3,442 vehicles; 
the average train traffic is 22 trains each day. The 
crossing is protected by wigwags. From figure 1, the 
hazard factor due to highway traffic of 3,442 vehicles 
per day is found to be 3.99. From figure 2 the factor 
due to train traffic of 22 trains per day is found to be 
1.59; and from figure 3 the factor for a wigwag type 
of protection is found to be 1.99. Substituting these 
figures in equation 2, it is found that the hazard index 

PUBLIC ROADS Vol. 22, No. 6 

FACTOR-K 

0 05 10 15 20 a5: 3.0 35 40 45 5.0 

UNBALANCED ACCIDENT FACTOR -J,, 

Figure 4.— RELATION BETWEEN UNBALANCED ACCIDENT 
IBRD. Iie 

Facror, CoMpuUTED FROM FORMULA 1 rh Sey = As Com- 

PARED TO SMOOTHING Facror. 

SK or equal to 4.08+K. 

From figure 4, K is determined to be +2.58 for a value 
of J, of 4.08 and, with this figure for the parameter, 
the hazard index is 6.66. 

The second crossing for which an index is calculated 
is in Yamhill County on route 32 at milepost 35.75. 
The average daily highway traffic at this crossing is 
1,848 vehicles in a 24-hour day; the average train traffic 
is 4 trains each day. The protection consists of signs 
(approach signs and cross-bucks). Referring to figures 
1, 2, and 3, the hazard factors due to highway traffic, 
train traffic, and to the signs as a type of protection 
are found to be 3.59, 1.20, and 1.65, respectively. 
When these figures are inserted in equation 2 it is 
found that J, is 3.34 and, with this figure, K is deter- 
mined to be +0.06 and the hazard index is 3.40. 

To test the reliability of the formula, 123 crossings, 
the data concerning which were not used in the deriva- 
tion of the formula, were rated by means of the formula. 
A large majority of these crossings were relatively 
safe, having had no more than three accidents recorded 
in the 5 years during which the accidents were reported. 
Some of them were at locations at which from six to 
eight accidents had occurred. The estimated number 
of accidents is compared with the actual number of 
accidents recorded at these 123 locations in table 1. 
The ranges of these figures are illustrated in figure 5. 

is equal to 1.28 

TABLE 1.— Average computed number of accidents using formula at 
123 crossings in 10 States ! compared to actual number of acci- 
dents recorded at those crossings 

Actual num- Average 
ppc f ber of ac- computed 

cidents accidents 

15 1 21 
47 2 1, 84 
39 3 3.05 
11 +f 3. 69 

3 5 5. 20 
5 6 6.18 
1 7 7. 36 
2 8 8. 37 

/ ! i ee See 

1 States included are as follows: Indiana, lowa, Kentucky, Nevada, New Hamp- 
shire, Montana, Rhode Island, Utah, Wisconsin, and Wyoming. 
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ACTUAL NUMBER OF ACCIDENTS 

COMPUTED NUMBER OF ACCIDENTS 

NUMBER OF ACCIDENTS 

CROSSINGS (123) 

(EACH HORIZONTAL UNIT REPRESENTS | CROSSING) 

Figure 5.—Comrutep NUMBER OF ACCIDENTS CoMPARED TO AcTUAL NUMBER OF ACCIDENTS AT 123 Crossinas IN INDIANA, 

Iowa, Kentucky, Nevapa, New Hampsuire, Montana, RuHopDE IsLAND, Uran, WISCONSIN, AND WYOMING. 

These data indicate that the computed number of 
accidents is generally in excess of the actual number 
of accidents at the low-accident crossings. These differ- 
ences are not of great importance because priority 
information will ordinarily be of most value at a few 
of the most dangerous crossings. For instance, it is 
of little importance if a crossing which has had 1 acci- 
dent is rated at 1.25, while one that has had 2 accidents 
is rated 2.19. In this case the latter is clearly more 
dangerous from a hazard standpoint. Neither is as 
dangerous as one rated 6.50. Although the sample of 
the high-accident crossings is small, a fairly consistent 
trend is noticeable. 

The study of the various factors which might affect 
the hazard at a crossing indicated that several of these 
items exerted little influence on the calculation of the 
number of accidents at the locations and, therefore, 
were of little value in measuring the hazard. Although 
the effect of the physical factors was not sufficient to 
merit their inclusion in the hazard rating formula, 
these data should be considered in the assignment of 
priorities within groups of crossings of the same rating. 
The formula may be used to calculate the hazard rating 
of all the crossings, and then crossings with approxi- 
mately the same hazard rating may be grouped and 
tabulated together with the physical factors (grade of 
approaches, angle of intersection, sight distance, etc.). 
Priorities within these groups may then be established 
on the basis of the relative hazard of physical factors. 
The relative importance of each physical factor, or 
combinations of these factors, must be determined. 

ACCIDENT PROBABILITY AFFECTED BY OTHER FACTORS NOT 

CONSIDERED IN FORMULA 

The probable number of accidents which will occur 
at any crossing cannot be obtained by means of this 
formula with a high degree of accuracy. While the 
factors used account for a large part of the variation 
in the accident probability, there are other variables 
that were not reported but probably have a definite 
nfluence. Probably there are also psychological fac- 

tors that in many cases greatly affect the safety or 
danger of crossings but which cannot be measured 
numerically. The index rating, therefore, is no more 
than an indication of the variation of the number of 
accidents in conjunction with the variation of the fac- 
tors considered and other items must be weighed before 
any set of crossings can be assigned rating numbers. 
A portion of the probable error in the calculated 

accident record, or hazard index, may be due to the 
use of average daily figures for traffic. Inasmuch as 
large variations in these figures are apt to occur, it is 
probable that few of the accidents occurred at times 
when any of the conditions were as assumed by the 
measuring data. The peak highway traffic is generally 
found in the months of July and August, but the largest 
portion of the accidents occurs in November and 
December. 

This variation between average daily traffic and the 
frequency of crossing accidents is illustrated in figure 
6. From the two curves plotted on this figure it will 
be noted that the high points of traffic on the average 
section of highway are in July and August. The acci- 
dent curve, however, indicates that in July and August 
the frequency of accidents is at a low point for the year 
and the high point is found to occur in November and 
December. Almost as many accidents occur in the 
night hours as during the day hours although the hourly 
traffic is less at night than during the day. The greatest 
frequency of accidents is usually found between 11 p. m. 
and midnight, when traffic is comparatively lght. 
Likewise, train traffic may vary considerably from year 
to year, and train speed will vary from the average 
figures reported. Cases where the protection was 
changed during the 5-year period were omitted from 
consideration. It is believed that the protection co- 
efficients are relatively constant for each type of pro- 
tection listed. It is probable, however, that accident 
factors for highway traffic and train traffic would be 
changed somewhat if true values at the time of the 
accident could be obtained. 

It is possible that traffic laws in the various States 
have some effect on the number of accidents which oe- 
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IN 1939 AND VARIATION OF GRADE CrRossING ACCIDENTS 
By Monrus From 1933 To 1937, INCLUSIVE. 

cur at crossings on the highways of those States. The 
large variation in the grade-crossing accident record of 
the States must be due to causes other than chance; 
and, since States with high or low traffic volumes are 
found to have good and bad accident records indis- 
criminately, it appears that the traffic regulation may 
have some bearing on the variation in these figures. 
Data collected by the Interstate Commerce Commission 
for 1937 illustrate this. In their accident bulletin No. 
106 it is shown that during 1937 the States of Rhode 
Island, Wyoming, Connecticut, Massachusetts, Maine, 
Nevada, New Jersey, New York, and New Hampshire 
had the best records while the States of Alabama, 
Illinois, Louisiana, Georgia, South Carolina, Missis- 
sippi, Kansas, Arkansas, and Indiana had the poorest 
records. The States having the poorer records had ap- 
proximately 10 times the number of casualties per 10,- 
000 vehicles registered as those more fortunate States 
whose accident records were better. 

Another important fact to be considered is that the 
number of accidents that occur at any crossing in a 5- 
year period is comparatively small. Public opinion 
has forced most of the States to eliminate those cross- 
ings that were obviously the most undesirable or at 
which an excessive number of accidents occurred. 
Only one accident had occurred at most of the crossings 
for which the data were submitted, and for only a few 
of the crossings were five or more accidents reported. 

Information could be gathered for a longer period of 
time and thus a greater number of accidents recorded 
but, if this were done, it is probable that traffic volumes 
and physical features at the crossing would have changed 
to such a degree that the data for the longer period 
would be little better from a statistical point of view. 

Vol. 22, No. 6 

MARYLAND CROSSINGS RATED ACCORDING TO RELATIVE HAZARD 

Many of the highway planning survey organizations 
and others interested in this phase of highway planning 
have developed formulas for rating all “orade crossings 
in which the coefficients are based on judgment. These 
formulas are approximate and probably do not give a 
complete and unbiased evaluation of the hazard. It is 
obviously impossible to assign numerical values to all 
situations and combinations of conditions with the as- 
surance that these values are even approximately 
correct. However, when data are uniformly applied 
through one of these formulas, valuable relative infor- 
mation can be obtained. Several of the planning sur- 
veys have been able to collect more detailed information 
than was gener ally collected and have utilized this de- 
tailed knowledge in their evaluation formulas. The 
inclusion of the additional information has greatly aided 
in development of priority lists that coincided with the 
best public and engineering opinion. 

Grade crossings in Maryland were independently 
rated by a committee of several individuals well ac- 
quainted with conditions throughout the State and 
competent to judge the relative hazards. These men 
were furnished with complete information with respect 
to all crossings in the State, this information consisting 
of tabulated data concerning the average daily highway 
traffic, the average daily railroad traffic, the physical 
characteristics of the crossing, and other pertinent in- 
formation. The most dangerous crossings were put 
into five priority groups by State engineers, Federal | 
engineers, and engineers of the railroads operating 
within the State. The ratings of crossings listed in 
table 2 represent the consensus of these men as to the 
relative hazard by groups. No attempt was made to 
arrange the crossings within any one priority group in 
order of their hazard. 

The hazard formula has Wet applied to these 25 
crossings and the results are also tabulated in table 2. 
From this table it will be noted that the sum of the 
hazard ratings calculated for the five crossings that 
were assigned first priority is greater than the total of 
the hazard ratings for any other group. Likewise, the 
sum of the hazard indices of the crossings in the second 
priority group is greater than the total hazard in those 
following this group. These totals decrease in a fairly 
uniform manner as follows: 

Total 
calculated 

Priority group: hazard 
| he mene rr en a  e 20. 54 
| Pe An Pn ee Bree 17. 03 
Bein wa eeh maces bk ess oe ee ee 15. 13 
7 OE A. Saeed Rew 4 bent aeons ae 13. 80 
a Meme ee ee Ske a 11. 42 

This indicates that the committee made a very good 
distribution of the crossings into the priority groups 
when judged by equation 4. While a rating on a 
hazard basis would change the priority rating of 
several crossings in the list, a study of the physical 
characteristics and local conditions, in combination 
with the hazard rating, might easily justify the priority 
eroupings of these crossings. 

A study of the priority ratings assigned by the 
committee of engineers, and the hazard ratings caleu- 
lated by the formula, with respect to the individual 
crossings, indicated that insufficient credit was given 
by the committee to the effectiveness of gates and 

(Continued on p. 142) 



A STUDY OF BITUMINOUS CONCRETE 
PAVEMENTS IN OHIO 

BY THE BUREAU OF TESTS OF THE OHIO DEPARTMENT OF HIGHWAYS, AND THE DIVISION OF TESTS, 

of Highways began 
the development of 

its present specifications 
for hot-mixed, hot-laid as- 
phaltic concrete surfacing 
in 1929. Starting with a 
modified Topeka mix em- 
ploying lake sand and 
mineral filler and requir- 
ing a seal coat, the present 
specification, known as 
item T—50, hot-mixed, hot- 
laid asphaltic concrete, 
was developed permitting 
the use of local sand with- 
out the addition of mineral 
filler and dispensing with 
the seal coat. The speci- 
fication was designed to 
provide mixtures of high 
density through the spe- 
cial grading of the aggre- 
gate rather than by the 
use of dust so that, when 
properly placed in the 
pavement, they would not 
only be dense and well 
sealed against surface 
moisture, but would also 
retain a nonskid surface 
texture. During recent 
years several hundred miles 
of this type of pavement 
have been constructed 
throughout the State. 

In 1935, under the di- 
rection of the Ohio State 
Highway Testing Labor- 

ict Ohio Department 

atory, a study was instituted to determine the factors 

PUBLIC ROADS ADMINISTRATION ! 

During the 6 years prior to 1935, the Ohio Department 
of Highways carried on an extensive resurfacing 
program on the principal highways of the State using 
bituminous concrete over such old surfaces as port- 
land cement concrete, brick, bituminous macadam, 
and surface-treated, water-bound macadam. 

Evolving from a modified Topeka, containing 
mineral dust and requiring a seal coat, the resurfacing 
mixture used in most of the program was characterized 
by its small maximum size which facilitated laying 
and finishing with mechanical equipment and by the 
absence of any stone dust other than that naturally 
contained in the aggregates used. Seal coats were 
found to be unnecessary. 

While these resurfacing mixtures proved to have 
excellent stability, good riding qualities, and generally 
good durability, they often developed considerable 
cracking. There were no definite failures but, in some 
cases, spalling occurred along the cracks and at the 
pavement edges and there were occasional instances 
of slight, though definite, surface raveling. 

Following the construction season of 1936 and 
continuing through 1937, the Ohio Department of 
Highways and the Public Roads Administration 
collaborated in a program of sampling, testing, and 
study of selected areas representing all pavement 
conditions. Some modifications were made in the 
specifications and production methods for current 
work as the study progressed and these and further 
possible modifications are discussed. 

The tests indicated that drastic changes in the 
asphalt, resulting from normal mixing operations, 
probably resulted in the loss of many months of satis- 
factory pavement service. 

Alterations in the asphalt caused by mixing appeared 
to depend on the susceptibility of the asphalt to alter- 
ation and the conditions and time involved in the 
mixing operation. 

The field is open for revisions in specifications to 
assure that the asphalt, as delivered, is resistant to 
alteration and that it is not unduly altered during 
mixing and placing. 

data to isolate the effects of the major variables. 

lined, and the taking and 
testing of additional sam- 
ples was started immedi- 
ately. 

FACTORS AFFECTING SERVICE 
RECORD AND CURRENT 
CONDITION INVESTIGATED 

The purpose of the co- 
operative investigation was 
to ascertain whether the 
service record and current 
condition of these asphal- 
tic concrete pavements, 
which had been in service, 
could be correlated with 
such factors as changes in 
the consistency of the bi- 
tumen, degree of hetero- 
geneity of the bitumen, or 
other factors that might 
be susceptible to satis- 
factory analysis. 

Obviously, a great num- 
ber of possible factors in- 
fluenced the behavior of 
the pavements. Asphaltic 
materials from numerous 
sources and prepared by 
several processes of manu- 
facture had been used. 
Construction procedure, 
drainage conditions, type 
and condition of base 
structure, age, and prob- 
ably other factors had 
their effect. Consequent- 
ly, a rather broad plan of 
study was necessary in 
order to obtain sufficient 

The 
affecting the durability of this type of surfacing. During | procedure decided upon consisted of: 
the winter of that year samples were cut from 16 pave- 1. A general survey of the bituminous pavements of 
ments that had been inservice up to 5 years. The samples 
were selected from pavements ranging in condition from 
excellent to very poor. These samples were examined for 
density, crushing of aggregate, and condition of the 
recovered asphalt. A number of samples were also 
taken of freshly prepared mixtures and of pavements 
that had just been completed. The results of the tests 
on the recovered asphalt from these samples, as re- 
ported by T. W. Brannan,’ indicated the need for a more 
intensive study of the problem. 

In October 1936 arrangements were made to conduct 
a more detailed and comprehensive study of hot-mixed, 
hot-laid, asphaltic concrete pavements throughout the 
State in cooperation with the Public Roads Adminis- 
tration. A carefully planned investigation was out- 

the State and selection of sections to be sampled. 
2. Inspection and photographic recording of the 

general condition of the pavement surface near each 
selected sample location. 

3. The taking of a large sample of the pavement 
surface course at each selected location. 

4. Inspection and photographic recording of the type 
and condition of the base structure after removal of the 
sample. 

5. Careful inspection of samples in the laboratory 
to note any peculiar appearance or condition. 

6. Laboratory tests to determine the pavement 
density, the amount of asphalt contained in the mixture, 
and the specific gravity, grading, and compactibility 
of the extracted aggregate. 

1 The following employees of the Ohio Department of Highways participated in planning and directing this investigation: R. R. Litehiser, Chief Engineer of Tests 
T. W. Brannan, previously Assistant Engineer; J.H. Goshorn, Assistant Engineer, and T. F. Spencer, previously Assistant Engineer. 

? Civil Engineering, vol. 7, No. 4, April 1937, page 291, 
129 
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Ficure 1.—A Typican FIELD SAMPLE oF BirumMINoUS CONCRETE 
SURFACING. 

7. Laboratory tests on the extracted asphalt re- 
covered from solution by distillation. 

In the tests made by the Public Roads laboratory, 
the asphalt was extracted by means of Rotarex extrac- 
tors and, while in solution, was passed through a super- 
centrifuge to eliminate suspended dust. It was re- 
covered from solution by Bussow’s method as described 
in the Proceedings of the technical session of the Associ- 
ation of Asphalt Paving Technologists, January 23, 
1936, page 160. 

In the tests made by the State, the dust was removed 
by filtermg through fuller’s earth and the asphalt was 
then recovered by Abson’s method as described in 
A.S. T. M. Proceedings, vol. 33, 1933, part II. Tech- 
nical papers, page 704. 

8. Comparison of the new test data with data 
obtained on the materials at the time of construction. 

9. Roller stability tests on sawed specimens from a 
limited number of the samples.* These tests were 
made by the Public Roads laboratory only. 

10. Analysis of the test data to evaluate the relative 
effect of various factors on the asphalt and on the 
behavior of the pavement. The data from the pre- 
liminary survey of 1935 were included in this analysis. 

TESTS SHOW NEED FOR SOFTER ASPHALTS IN SURFACE COURSES 

This report deals with test results on about 80 
samples of Ohio T-50 asphaltic concrete containing 
50-60 penetration petroleum asphalt. Forty-seven 
pavement sections are represented by these samples. 
About half of them were taken and tested in the pre- 
liminary study of 1935 and the rest during 1936 and 
1937. All samples were tested by the State laboratory 
and 22 of the 1936-37 samples were divided and also 
tested in the Public Roads laboratory. Large samples 
were taken in order to provide adequate material for 
all tests required and any check tests that might be 
desired. A typical field sample is shown in figure 1. 

In general, the paving mixtures were composed of 
from 45 to 55 percent of coarse aggregate, 30 to 48.5 
percent of sand, and 6.5 to 10 percent of asphaltic 
cement. They were prepared at temperatures ranging 
between 275° and 375° F. The specifications for 
T-—50 bituminous concrete surface-course mixtures, in 
effect at the time of this inspection and requiring the 

' The test specimens were 4 inches wide, 8 inches long, and 24% inches deep. The 
procedure for making the roller stability tests is given in PUBLIC ROADS, vol. 16, No. 7, 
September 1935. 
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use of 50-60 penetration asphalt, are given in table 1] 
and the specified mixing and laying temperatures are 
shown in table 2. As a result of the information ob- 
tained through this investigation, softer asphalts 
(60-70, 70-80, and 85-100 penetration) are now being 
specified for asphaltic concrete surface courses. 

TABLE 1.—Composition of T—50 wearing courses, types B and C, as 
required in present Ohio specifications 

Sieve sizes T-50, Type B | T-50, Type C 

; ye ‘ ; Mini- | Maxi- | Mini- | Maxi- 
Passing sieve— Retained on sieve— cere eRe || Sania. || ssn 

Percent | Percent | Percent | Percent 
Sime Cee ee S6-1nCh 5-25. 2eeee 0 16: |S 2 See F 
SGN oe 5 ee ee V4-inch 2.) S25 Bees a { 0 
ORT ee ae 2s. No: 4 seca tee dee } 30 45 20 40 
INO 4)... 5a eee INO 16 a eee 0 8 0 30 
INO: 62 = Seer eee NO:.65 ce See ee eee 0 10 0 10 
INOF Suace amie a aeeee INO TGS eae 5 20 5 20 
NOnIGs ste aoa e a ae ING.005- 2 ee eee 10 30 8 30 
IN O50 Se cance el ee ING: L003 2S eee 1 18 1 15 
INOS 100M se cee ere oe IN OS 20002 e sae ae oe 1 5 1 5 
IN 0200 Sees sete Se SE oe Saale ee ee eee ee 0 3 0 3 

Bitumentls 6.2.2 ee ee oe ee 6.5 8.5 7 10 

Total retained on No. 6 sieve______._.---_------- a 55 45 55 

1 Asphalt of 50-60 penetration was specified until Mar. 1, 1939, when the require- 
ment was changed to 50-70 penetration with the provision that the laboratory shall 
designate the grade (50-60 or 60-70) to be used on each project. 

TABLE 2.—Mixing and laying temperatures required in present 
Ohio specifications for T—50 surfacing 

Plant temperatures Road or street 
temperatures 

Aggregate Asphalt Mixture 
foe i Pe || ee ine Ten Maxi- 

mum mum 
Min, | Max, | Min. | Max. | Min. | Max. 

oR. CWA oR oF. Ss wip oR oie oH, 
300 375 250 350 275 375 275 310-325 375 

The data resulting from tests on the materials used 
in the pavements, the field inspection, and tests on the 
plant and pavement samples are given in tables 3 to 9 
inclusive. The test data in tables 3, 4, 5, and 6 were 
obtained in the Ohio laboratory and those in tables 7, 
8, and 9 in the Public Roads laboratory. In most cases, 
the test results on original asphalts reported by Ohio 
represent the individual cars of material that were 
used. When it was not possible to determine where 
particular cars of material had been used on the job, 
the average test values for the entire project are pre- 
sented. Test results on recovered asphalts reported 
by Ohio are generally averages obtained by recovering 
and testing three separate samples of asphalt from each 
pavement sample. The test results reported by the 
Public Roads laboratory are not averages but represent 
individual tests. 

In general, the results of the tests made on portions 
of individual pavement samples by the two laboratories 
were in good agreement. As was to be expected, there 
were a few instances of nonagreement because of non- 
uniformity of the samples or because of differences in 
the method of recovering the asphalt. These differ- 
ences, however, caused no material disagreement in the 
conclusions reached by the two agencies. The con- 
clusions in this report are therefore based on the work 
of both laboratories. 
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TABLE 3.—Results of condition survey and data available at tume of survey 
7 

Asphalt (tests made at time Condition at time of sampling 
‘ | of construction) hoi a a eee ee ee 

| Project | 7 [ cS a 7 4 “4 i 
Sample No. | desig- County of SS re eet Surface 

| nation Specific E ene Ductility} sampled Base Surface cracked 

gravity | at 77° KF, | at 77° F. than tans 
ee BESS eT ES a = zl 2 B i Bay | hae _ 

| Cm. Months | 
2| Licking... T-50-A 1, 015 52.9 97 67 | Good...........| Very poor.......| Yes. 
3 | Ashtabula_--- T-50-B 1.018 53.0 100+ 37 eae | Seen eS 
ip [eee ae ce spe se 2) T-50-B 1,018 53.0 100+ 52 | Good. -_--_- | Fair Yes. 
7 ty) Sas SS 02 T-50-B 1,054 49.2 93 52 eee. = To dn wubks are Sac 
# Wowes Cr Feje ae T-50-B 1. 054 49.2 93 66} Good...2222_"2 Very poor. Yes. 
Bll AIVOONO 5S ee oa ae 'T-50-B 1.019 49.8 100+- 62 | Excellent RiO00 G4 Jesceuc No. 
A RS eee eens T-50-B | 1.023 51.7 100+ TE Rae, ee TaD Sa (oe No. 
7 | GlintenJ, 22. 2 T-50-B 1. 005 54.0 100+ i eee aa ott ee ak ae ee Got. onl INO. 
Sih ae SO ae en oe s T-50-B 1.016 53.0 100+ 35 = QSER ste een Oe No. 
Go Orlap Case aee ee ae = oa fe T-50-B 1,043 55.8 100+- 52 Very poor._- Yes 

10 | Mahoning____- oe oe = T-50-B 1.019 52.4 100+- 51 PO0re=—=—see Bal ING 
til Re ewe ee Se Oa ee T-50-B 1.022 54.2 100+ 64" Goods. a2 Very poor... .-.- No. 
DZ APIO oe ot, tate conte rele T-50-B 1.034 54.1 100+ 18 | Excellent______- Excellent__...__} No. 
13 | Allen and Hardin T-50-B 1.017 52.8 100+ 53 G0des5 ko POOR o. Ss. ee Yes 
Cis. do. 2 s2s25284 yi. toes T-50-B 1.017 52.8 100+-+ BON AE 2 Ove Meals > See aoe Yes 

| Th Mation seas ee 12 T-50-B 1.005 53.8 100-++ 4g | Excellent..____- NFOOU leases ae No. 
15 | Ashtabula______ : 1s T-50-B 1. 001 55.0 100+ i es do Excellent. __-.- No. 
1; See ola pe stad s Se 8 ROSIN SS T-50-B 1. 004 62.5 100+ 39 | Good : Goode aaa No. 
iif eae) Uogse. 2. aA T-50-B 1. 000 56.8 100+- 19 Vie eo. OO sea pence G0... 5ce ee No. 
Tg ees GOR eee See ta 8 T-50-B 1,018 53.0 100+ 51 | Very poor____- A 3's) ee Yes 

19 | Clermont____- f T-50-B 1. 004 53.2 100+ AL GOOd eae e Very poor..__.__]| Yes 
st: ee val We Ohie i eess Me sco See ies Se es T-50-B 1, 002 53.4 100+ sid (eee dO. 3s Se COOUs oeet e No. 
oe rile WES Ey physica Shee Se T-50-C . 999 55.7 100+ OS eA et cee eee ee ee 
205 ae Pale (ese as C0 eee T-50-C . 999 56. 7 100+ 16,| Good.2. == ..| Excéllent__-___- No. 
bh, = rr OF ORR WAUO = eee eee eee T-50-C . 997 54.4 100+ G4 [sehr hte ere on eee ae eas ak ee 
Licino Pn [eee C0 ee eee ee ee T-50-C . 997 54.4 100+ SO ule aire ere eee Excellent... .-- No. 
JG) 2 23: MCAS 5s heen oe as” gi T-50-C 1.019 56. 7 100+ nf tee bo SLi Sl Cen eee ies 
ot = i. 5 ir a | een (3 (0p mare i EN Be Ate T-50-C 1, 019 56.7 100+ 32" | Goodet 23 Good = . sana No. 
CL BA eELATTISON S conbe meee ae T-50-C 1,015 55.8 100+ 7d epee pe eh) ss OE Ri ee < Be NS 
4-C-1__ eee 4A eos GOR AS ee T-50-C 1.015 55.8 100+ 43 | Very poor____--_- Very poor..._...| Yes. 

C+ a OF .| ge OU OISON sepa een eee T-50-C 1.016 54.0 100-+- BO ait eee eee Log ce ee ee 
SS ee OF Wee OO ee ee 8 ee T-50-C 1.016 54.0 100+ 45:| Goods S25 sae Waters. _..-| No. 
Se Pan GISCATA WAGs — ese 2 aoe T-50-C 1.014 52.0 100+ 32 a iS aS oe eth SS poles ak Pee ABs 
[UL ae ee 2G Nes sce do Ee wes oe T-50-C 1.014 52.0 100+- 46) Poors oe Very poor. esses Yes 
7-C__ 2X GLEE (oi enies Oe Ce eee hed T-50-C 1.015 54.3 100+ LF) cae ee ee ee a 
eteed oe. bee GOT Poa eee Ae T-50-C 1,015 54.3 100+ Sia eGoods sean Goodies ee Boo} oO; 
ae - 28 | Lorain ee) bed T-50-C 1.015 62.7 100+ 1b aa see lee oye! Ais a a a ae nS oe 
ete Se OS DA AS SR o (67 apg lt ee Se T-50-C 1.015 52.7 100+ £0. |e Kaloo eee S Poors = Ee PING 
9-C_- Se ee ree PAD bel SSC eh bate loo heads See ne Pes ee T-50-C 1.011 54.8 100+ DY | pec AOE een ce | Oe, 8 eek ee 
ib S 7 29 Seo as T-50-C 1.011 54.8 100+ 42} GOOG. see Goods _ 22 = No; 

10-C BUM ASREG DU aa se eee T-50-C 1.019 55:7 100+ ae ad: eee 18S I oe ee en ee 
10-C-1___ BO) saene 5 do eee ee Oe T-50-C 1.019 55.7 100+ BIS) WAM 20) ye POOL 2 6 eee No. 
11-C_____ SLaeG intone sss + eee ew T-50-C . 998 56. 0 100+ ye (aera eS oa [ae fees oh eae 
loo! 1 Sy ees OO Se ee ee T-50-C . 998 56.0 100+ 1st ectood ae Excellent... ._-- No. 
i2Z- ._. = SHE lit Raye ach: We SS Se om Beene Bes T-50-C . 998 56.0 100+ 5 Paes eee ALO De AE eee 
oS J Bos C062 2 See eee T-50-C . 998 56.0 100+ Zn E alttecns See Excellent_-____.- No. 
a So) Muskingum: 2-9 £5 SF So) T-50-C 1. 007 53.0 100+ [bee eee See, Se: Re ee 
Les Lee eee OOM ee eet ie ee | T-50-C 1.007 53.0 100+ 32 | Excellent.......| Excellent.._.._- No 
14-C____ SAVIOR TANK 1ins 252s. eee oe ee T-50-C 1.009 56. 0 100+ IY fa (OS Se 2 ey GE alee See he 
14-C-1__ a eos do ne eee | T-50-C 1. 009 56.0 100+ BO ME COOU bee ce Good. 22. set a ING: 
UO 35 | Cuyahoga___- oH T-50-C 1.017 54.2 100+ BS Nees ofthe a ee ele ae ee Re 
16-C = BoA olermont. sete oe T-50-C 1, 001 55.2 100+ LD se ErxGellenit meee. | sees do: +2 ae | No. 

| | 

1 Data on this sample not included in table 5 and following analyses because results of individual tests by Ohio showed excessive variation. 

The data resulting from the condition survey, to- 
gether with such laboratory data on the materials used 
in the construction as were available before the survey 
was started, are presented in table 3. With one excep- 
tion, all these samples, representing 35 paving projects, 
were taken from pavements that had been subjected to 
service. 

The results of the condition survey, as given descrip- 
tively in the last three columns of table 3, represent the 
personal opinions of the observers as to the comparative 
condition of the surface and base on each section at the 
time of sampling and in the immediate vicinity of the 
area sampled. In selecting sections to be sampled an 
effort was made to find, wherever possible, areas in 
which damage to the surfacing could not be attributed 
in major part to failure of the base or subgrade; but in 
several cases it was found, when the base was uncovered 
by removal of the sample, that poor base conditions 
had contributed largely to damage sustained by the 
surface. 

Pavements that are described as ‘‘very poor’ were 
cracked extensively and the surfacing mixture showed 
spalling and rayeling along the cracks and pavement 

402360—41 2 

edges, although none of the pavements showed com- 
plete failure. In some cases the surface was pot-holed 
to some extent but generally the riding quality was not 
seriously impaired. Straight longitudinal or trans- 
verse cracks that were obviously caused by joints in 
the base were not considered evidence of weakness in 
either the surface or the base. A general view of a 
pavement section typical of those classified as very poor 
is shown in figure 2-A. Figure 2—B is a close-up view 
of the same surface and shows in more detail the exten- 
sive irregular cracking and also the spalling and raveling. 

Pavements that are described as “‘excellent’’ were, so 
far as could be detected by examination, in perfect con- 
dition. They showed no irregular cracking even on 
very close examination, and no raveling or edge spalling. 
Figure 3-A shows a general view of an excellent pave- 
ment with the patch replacing sample 11—C~—1 in the 
right foreground. Figure 3~B is a detail view of the 
good water-bound macadam base on which the surface 
was constructed. 

Ranging upward from very poor to excellent were 
the other three classifications‘ poor,” ‘‘fair’’ (or aver- 
age), and “good.” Naturally, these various intermedi- 
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Taste 4.—Results of Ohio laboratory tests on samples of freshly prepared mixtures and newly constructed surfacing containing 
negative-spot asphalt 

Penetration of asphalt fou 
mar Mixing e L sphalt | Mixin 

Field identification I ee Source of sample! tempera- ae producer Dae ng 

ture Original |Recovered 2 sirens No. 

ar. Minutes Percent 
B-1__- J Seal LUG. owe eee. pee ee eae 375 1 60 49 4 9 
Pe fee 5 ee ee ee OS leaks Oa eee Eye ee? ee oe 275 1 60 49 82 4 9 
Bao of ee ee Bi epee (oho A 5 IO ate oe eee 375 1 51 41 80 4 12 
{7 ee en yee neath wed 2B: no | ee ee (os Ee ae ee 2 ae ae 280 i 51 44 86 4 12 
bo | Se Rens Lee ee ES Melk, rh ee CO sot Ss ee ee 375 1 59 40 68 4 17 
BAB ates =e Ql) OE 0 et ees Jone ee eee en 275 it 59 Ad 75 4 I7 
2 SE SOL RES oe AS AT |e SOc alo pies Peet ak el ee ea es 250 J 48 40 83 2 2 
C-2_ oy ol £ OP ee ee e AN |e oes (0 52s Se ee ate ee 250 it 48 41 85 2 2 
(O58 oe 7. * oe eee a (5X 0p ee ee yd ein tp ee SS 375 1 54 39 72 2 1 
5 A Sey © Pees See es eta Be ci (ie seat (00 RE et ee Oe ph ee CE ae 360 5 54 35 65 2 I 
C-5_- E = As a ee So aie ee 8 LAR chee SE es 275 1 54 42 78 2 1 
CASS BN ee chee ee een gb oes a UG Cs ee ee Lee ee ee 355 J 58 39 67 6 20 
Bl As ae ae OR on hee eae ei te AS eos CLO Bee ee ee ee 340 5 58 39 67 6 20 
18 oe ae ee a CB he Se (Vit > eae ew ek SS eee 275 1 58 43 74 6 20 

A‘veragovor truck sampless. 52 "oo spe oc = hee oe Se ee eel he eee ee a Ss ee 10 ee Se 

me ee ne re eee I) eel RE VOLUCH Yass - at ReMi Be oe gency eee eed 1 55 50 91 5 11 
Wm os See ea a ee A 1 Oe | ees SF 1 55 42 76 5 afi 
he epee epee we Bs ccB el). eS Nd Cl Opc, oak ieee Se ees oie be eee eee lt eee oe ee 1 55 39 71 5 11 
re aes See ae ee ameter iP ae © Ge): ee ils Rees Seer a ky Seen = LN Leet oe 1 55 44 80 5 ie 
§aK52 See Re ee ee ee COM been 0 Sn ee ee Be eee & | eee 1 55 44 80 5 z 
6= Xn ee et Aa es eee ree ee eee | ae eee 1 57 46 81 4 15 
tb Se ee ee eee 45 | Se SOO ee ee See ee | ae ee eee 1 57 41 72 4 15 
Be ne ce ik eee Beene ee oe) Re ie 40 | ee ee ies ee ee ee ee | oe eee 1 57 45 79 2 14 
Ga one oo a ee er te er eae eee ee per ne ds ee 1 53 41 77 4 5 
i | |, arcs Sie apes Sete ge ah Se, PM et ah Te: al (OE So eee a) Se bay 8 Oe a i 1 52 41 79 4 4 
lp CS, Serene Sees eee Deer ge Ned eee | ae’ ee ey sty eS cen eke: So eee eee Seen Se 1 56 43 77 2-4 20 
12—No soo oi ee Ee ee |) ee eit | ed os. 6. ee ee ee ene |e ae eee 1 56 43 he 2-4 20 
LSet ee 2 ee i gaia 2 er ee ee eee 1 56 40 a 2-4 20 
hk Sr ee © Oe et eee ee ae er. Nae ec (ole ee Pe ee eh Sa Pe Set if 57 41 72 2 17 
TB oes ee ees ee B49. le AO ee Ce ee eee eee Cae eee 1 57 40 70 2 17 
6-—X pos snk oe Se eee ele 60 AN Oe 8 Se ee ee ee ee 1 57 40 70 Z 17 
Co re ee ee oe Se ea Oe ee Ls fied SA CLO Ge Ne aetna nates ee ee ee ee 1 56 41 73 2-4 20 

Average of pavement samiples..2-- sea ee se ee ee ee |e eee : BEC ooo ae aes ae, 76) | wees ee 

1 All truck samples taken at the plant immediately after mixing. 2 Asphalt recovered by Abson’s method. 

TABLE 5.—Results of laboratory tests on field samples and correlation with field survey data 

: Ductility of asphalt iaidsidatand Penetration of the asphalt 77° F., 5 cm., per 
77° F. 100 g., 5 sec. mata 

Thickness ‘ Pa 

sire ee Seats Base condition aie eae e pee be 
binder ae. .4.;. |Ageregate| Original Recovered ’ Original Recovered| course asphalt 

Voids a Voids i valde (before es : Sos (before re y 
aggregate|pavemen Aen son’s | retaine ete son’s 
Bares Pp filled mixing) miathod mixing) worhod 

Inches Percent | Percent | Percent Percent Cm. Cm. Months 
(Gee a ee Be 2.5 | Very poor____- Goode es as 15.7 3.0 78 52.9 Bane 42 97 ay | 67 | Negative. 
12 oS at ge 3 ee ee ee | Pa psn ees, SE Stein es rT Pe ~ aie sas 53.0 82.5 61 1002) 4 2b eee 37 Do. 
1-B-1______- ahs Pel ESN Goods ne 14.5 -8 94 53.0 30.0 57 100+ 9.6 52 Do. 
> al ee eet iy WP ens Se pel nee bran CSE a ae ols See I a | ee ee eee 49.2 10. 0 20 03 2a 52 | Positive. 
2-B-1_.__. 2.4 | Very poor___-- 7000. 2 es 16.9 6.7 60 49.2 11.5 23 93 4.2 66 Do. 
S=Bee ee 4.4 | Good Excellent_____- 25.0 9.7 61 49.8 17.0 34 100+ 4.0 62 | Negative. 
4-B___ 2.6 500 (Ghee 21.3 2.5 &8 61.7 23.5 45 100+ 11.5 61 Do. 
oot 2 tet Oe, 2.0 roltee a a Subte : 18.9 2.4 87 54.0 28.0 52 100+ 14.0 42 Do. 
cal © are BB doo aes eel oO 20.9 Sup 83 53.0 23.5 44 100+ 5.3 35 | Positive. 
8-B_- 1.0 | Very poor-__- Very poor 20. 8 6.4 69 55.8 17.5 31 100+ 4.3 52 Do. 

9-B_______- 2 6 POOta us eee Fair___ 16.3 iE) 90 52.4 28.7 55 100+ 10.3 5L | Negative. 
10-B___- 2.8 | Very poor____- Good ee see 18.1 4.5 75 54. 2 23. 0 42 100++ 5.9 54 Do. 
pis 2a ee 2.0 | Excellent....._| Excellent 16.1 neal 93 54.1 34.0 63 100+ 34.0 18 | Positive. 
12-B____ 2a ANN al 0'0) spp oe Godin Bese ye 4 iar 90 52.8 22.5 43 100+ 6.2 2 58 Do. 
12-B-1 2.6 biG Fok oi) a ee dos. 18, 7 1.5 92 52.8 29. 0 55 100+ 13.0 2 50 Do. 
13-B___- 2.0 | Good-- Excellent 17.5 1.5 91 53.8 31.5 59 100+ 13.8 49 | Negative. 
pt oe eee 2.6 | Excellent 200.25 16.8 1.9 89 55. 0 50. 0 91 100+ 100+ 8 Do. 
15-B_. 28 | ood. ees 22. Good____. 15.6 ee 88 52.5 47.0 90 100+- 100+ 39 Do. 
16-B_ Rel Pe oe eee ee domes 15.0 4 97 56.8 52.0 92 100+ 100+ 19 Do. 
i7=-Bats 2... 1.5 | Poor Very poor 16.7 vam 87 53.0 36.5 69 100+ 23: 7 51 Do. 

18=B2o 2. 1,1 | Very poor.-..| Good:_----__ 21.4 4.9 vik 53. 2 19.5 37 100+ 4.9 41 Do. 
10-Bi cscs. 2x8) GOod 2s 25 = - ees | ee 23.9 6.6 72 53. 4 26.0 49 100+ 21.4 28 Do. 
OF) PO REY ee Vaan Sie eS Les xn eee See ee Ae eee pee We 65.7 41.0 7 4 a 0 Do. 
(=) eee 1.1 | Excellent. tood.____ 23. 3 5.6 76 55.7 32.0 57 100+ 37.1 16 Do. 
a 6 es, Se ‘ nes hae See es 5, A a 54.4 48.0 88 : fe 6 Do. 
po aE bea 2.2 | Excellent Fairs -.- 16. 6 0 100 54.4 54.0 99 100+ 100+ 20 Do. 
B=(3. 2 | SEA cee B CAP Re As fs C= es ee S| 56. 7 27.0 48 re ae oo 18 | Positive. 
3-C-1_- 8 | A000... Goods - 8. 20.3 2.1 90 56.7 21.5 38 100+ 6.0 32 Do. 
rn =" ee sie als ==> 55.8 19.0 34 : 28 Do. 
4-C-1____. 1.7 | Very poor- Very poor 21.0 5.9 72 55.8 22.0 39 100+ 4.8 | 43 Do. 

| 

6 Pes = ee Japkaten gee Oy ee nt 54.0 30. 0 56 4 / 30 Do. 
5-C-1__.__ 3.0 | Fair (ClO0d 2 see 19.8 G7 66 54.0 23.0 43 100+ 6.5 | 45 Do. 
6-02 Re a ee : Seas | 52.0 24.0 46 ee eee 30 Do. 
6-C-1 2.2 | Very poor__--.| Poor_.-- 18.0 2.5 86 | 52.0 21.5 41 100+ 6.0 | 46 Do. 
7-C.. ees oy ee ee ae eee 28 oe) Coe ae ys ae Pes ee 54.3 29.0 i Meee ope Pee 17 Do. 
7-C-1 2.0 | Good Good 15.5 8 95 | 54.3 32.0 59 100+ 7.9 31 | Slightly positive. 
et eee ee ‘ ; z ae a 2 52.7 39.5 75 |_- ae “ 26 | Positive. 
oe 6 BE? - : apa) Pee em uP) 54.8 29.5 i ae Fo As 29 | Negative. 
9-C-1 1.4 | Good Good 18.8 yf 86 54.8 21.5 39 100+ 5.6 42 | Slightly positive. 
oe ees Lae f Bey ete eee a bee lee eee Us 55.7 29.0 G2 A oa lace cee | 28 | Positive. 

' The voids were computed from densities determined by immersion in water. The densities were determined on 
? Difference in age accounted for by time interval between laying first and last parts of section. 

the combined top and binder courses. 
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TaBLeE 5.—Results of laboratory tests on field samples and correlation with field survey data—Continued 

! | | 7 a 

} ; Ducetility of asphalt 
| | Voids data! ha gor of the asphalt 77° FS ome per 

Thickness} a7” F. 100 g., 5 sec. min. 
Sample surface 1 r age = = = eee 2 5 _.| Ageof | Oliensis spot test 
No. : ae Dake ned Base condition ; | = m surface on recovered 

yinder . Aer ecovered +3 /Reeovered| course asphalt 
| Voids in | Voids in |A&gtegate| Original" yy | Portion | Original |" by 

aggregate pavement, filled mixing) Abson’s| retained Sot ) Abson’s 
8)! method ° x1n8)! method 

Inches Percent | Percent | Percent Percent Cm, | Cm Months 
10-C-1__-__-- 2 OP OOtsees = an PGoKe = ease 16.7 Le 92 55.7 32.0 57 100+ 15 i S 42 | Negative. 
it) i a = ere? SRE 6 SA oe Eee 56. 0 38.0 ital = SS a 4 Do. 
11-C-1 3.0 | Excellent___- Good___- 19.9 5.9 70 56. 0 35. 0 63 100+ 36. 0 18 Do. 
2 Rl a es epee a ee Sate See ot pee ns es Se 56. 0 48.5 St) lpeete = E 5 Do. 
12-C-1____-- 2.8 | Excellent...___| Fair 15.0 1.2 92 55.0 43.0 77 100+ 58.0 20 Do. 
cl = Re ae ee eee ERee Lee oe oe | es BR ote Sree 53.0 42.0 7 ee 2 18 Do. 
13-C-1__.- 2.4 | Excellent___-- Excellent ____-- 15.8 “5 97 53.0 45.0 85 100+ 100+- 32 Do. 
co : ies eee eee SE ee Se nee | eae = A a ke ee 56. 0 43.0 id Nesidass rip ee © Spee Ee Do. 
14-C-1__ TE BUH MOOG So ee oe (Sood seo 17.6 0 100 56.0 41.0 73 100+ 23.0 30 Do. 
1§-C____ LR ee Ciera tests Ores wees 16.9 3.4 80 54. 2 20. 5 38 100-+- 4.9 55 | Positive. 
16-C___- Pa i (eae d0neeoe Excellent.____- 21.3 5.4 75 55. 2 31.0 56 100+ 62 0 15 | Negative. 

TaBLE 6.—Summary of data on condition of pavement as related 
to hardening of the asphalt } 

NEGATIVE-SPOT ASPHALTS 

Penetration of asphalt ork sot 
= 52 ortion of original pen- 

Num- hae Sok by Abson’s etration retained 
see : ber o EMIS, Condition of surface | con. Bs nS ed = = 

ples Mini- | Maxi- | Aver- | Mini- | Maxi- | Aver- 
mum | mum age mum | mum age 

Percent | Percent | Percent 
Very poor_._- 3 19.5 23.0 21.6 37 42 40 
Me ae 1 28. 7 28.7 28. 7 55 55 55 
UN 1 30.0 30.0 30.0 57 57 57 
Con ae 9 17.0 52.0 33.0 34 92 61 
Excellent. _- 6 32. 0 54.0 43.2 67 99 79 

POSITIVE-SPOT ASPHALTS 

Very poor_- 1 11.5 11.5 Pao 23 23 23 
Ce re 2 22.5 29. 0 25.8 43 55 49 
OS 1 23.0 23.0 23.0 43 43 43 
‘Ci 5 20. 5 32.0 23.8 388 59 44 
Excellent. ._._.._-.- 1 34.0 34.0 34.0 63 63 68 

ALL ASPHALTS 

Very poor 4 11.6 23.0 19.1 23 42 36 
Ld) 4 3 22.5 29.0 26.7 43 55 51 
io ae 3 2 23.0 30.0 26. 5 43 57 50 
co =" | 14 17.0 52.0 29.7 34 92 55 
Excellent... _- is | 7 32.0 54.0 42.0 57 99 76 

! No test results included for samples taken where the base was in poor or very 
poor condition. 

ate classifications could not be made with mathematical 
precision, but in most cases the classification used repre- 
sented the judgment of at least two observers. None 
of the pavements examined showed any evidence of 
lack of stability of the surfacing mixture such as would 
have been indicated by shoving, corrugations, or 
rutting, 

MIXING OPERATIONS CAUSED DETRIMENTAL CHANGES IN 

ASPHALT 

Classification of the bases was made by observing 
the amount of cracking and vertical misalinement re- 
vealed by removal of the surfacing sample and the soil 
and drainage conditions as evidenced by the presence 
or absence of excessive moisture or mud in the base. 
The slope and character of the land along the right-of- 
way and the presence or absence of adequate surface 
drainage features were also taken into account. The 
appearance of some typical bases exposed by removal 
of the surfacing samples is shown in figure 4. 

FiaurE 2.—A, GENERAL ViEW, AND B, Surracr DEralt oF A 
Pavement THat Was Ratrep Very Poor. Notre THE 
SPALLING ALONG THE CRACKS AND THE RAVELED CoNDI- 
TION OvER A LARGE PoRTION OF THE PAVEMENT. SAMPLE 
8-B Was TaxEn at Turis Location. THE PatcHep SAMPLE 
Hott Can BE SEEN IN THE Riacut CENTER OF THE UPPER 
PICTURE. 

No record was made of the condition of the pave- 
ments represented by the samples taken during the 
preliminary study in 1935 by the State alone. These 
are the samples numbered 1—B and 2—B and 1-C to 
14-C, inclusive. However, when these sections of 
pavement were again sampled in 1936 as a part of the 
enlarged study program, their condition was noted. 
These later samples are numbered 1—B-1, 1—C-—1, ete., 
the notation (—1) being added to distinguish them from 
the earlier ones. They were not necessarily taken in 
the same areas of the various projects as those of the 
first series, and for this reason direct comparisons be- 
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TaBLpE 7.—Correlation of pavement performance with the results of tests on surfacing samples by the Public Roads Administration 
laboratory 

SATISFACTORY PAVEMENTS 

| Characteristics associated with satisfactory Characteristics associated with unsatisfactory 
| performance performance 

Asphalt recovered by Bussow’s Asphalt recovered by Bussow’s ; - 

Sample No. bee Condition of base Roller method Roller pf method ee of 

stability stability 
less than | Penetration Ductility more than |Penetration| Ductility | Spot test 

100 retained retained Spot test 100 retained not} retained positive 
more than more negative more than less (xylene 
55 percent than 10 55 percent than 10 | equivalent) 

| 

Months Percent Percent 
pbs LE Fae £9 ESOC SI case kee eee Le 47 57 Pe aie eet a SN Le Re | ee BN esd 24-28 | Excellent. 
11-C-1 Teo GOOG 6 tas Sar eee INS See ee 63 OG)! Nese 2.00 ke ee ee os take ee ee a ee Do. 
12-C-1__- eet | ir Coe: ee ee ed 44 71 GeV OSes oean poe en ee nee stot tee the Soe: PED. Te eee Do. 
13-C-1 . Be ER COLIGIA een eee aes a ee, 1G) fe cae ei re Vn eee ge ee ae ee ae | Do. 
ES 5 fae pele at == 2 vee (0 EN RS OE le Ae) ee ee bere Pn Gee 8 ee Pigs Pee eee pa eee as oe 48 iy Re ety Good. 
aS caret ee OLutee Cote a ee ee eee 56 AS + Wes 2a SBS 8 eal ee Se eee Do. 
fab... ee Ses re a COS en ees ee a 63 DS eX OSs Sen aS eee sl ee re eo | Do. 
(Bs eee 35 5 Uo A gO ne eo) OR Sed Ter pane, Sy egy epee ee am RI em PLP Se ae ei, Se (eNews nie, Ry In eee | ae RA | ees 2 Do. 

195 ee, Fe eee AQ ee Bee (6 (o}mt St AES oN EE S 84 63 $4 VOSS 06h le ee Se a ee ee ea eee Do. 
15 ee es 30 Good 24a fei ae ee ee GAN SSeS ea [ea ee Ae ns a ected ag Se ee a ee See A 2 Si eee ee Do. 
19-B i eee 25 -\= eae does eee 89 60 D2 POS. oes. cat ee ie en en ee Do. 
14-C-1 : Sout aes OG. se aes oe ee 12 79 ANG Ee een ae em RE ade ek Pepe NEES es | ee 8 4-8 Do. 
15-C 6 Bot hee Ce Co Meh Sees aa eo ESN aces ae ey ana a (pee er a ee kobe S| 39 4 16-20 Do. 

UNSATISFACTORY PAVEMENTS 

19-8 A eee | BB: | “Good 2x sia. Sas ae al |e ee re eee ee |e ee re | She fae eee pe fe Sone - Hats Poor 
12-Ba15) ee i be Le rte AGS Ree eee ee ce See ee oe 4 2 eee Fok 2h eee Ses 45 6 24-28 Do 
sO 8 Arata ece a Bee 40. | Bair... 22 525 £5 Pees oe ee ee eee ee a een Ce ee eee eee 55 8 20-24 Do 
(OF. Wee. ol 67 | Good Soe 8 5 eee RE Re eee a ee a eg ea Pe TT (oe, cee Se ee Very poor 
2-Bah eons ee BG. fo. d6i- Sa eee 4 12-16 Do. 
Ba Bia are eee 52 | Very poor. 4 4-8 Do. 
18-B___. ee 40° | Good sac 6 ee A Do. 
4-C-1 ary 43 | Very poor-_- : 5 12-16 Do 
6-C-] $6 |S Pooks ut eee meron 7 16-20 Do 

1935, are given in table 4 and the results of laboratory 
tests on the samples from the pavements in service 
(those of table 3) are shown in table 5. 

As shown in table 4, the amount of hardening or loss 
of penetration caused by the mixing operation alone 
was generally quite extensive, averaging 24 percent 
and ranging from 14 to 35 percent for the 14 samples of 
freshly prepared surfacing mixture tested. The aver- 
age penetration loss for the 17 samples of newly laid 
pavement was exactly the same as for the 14 samples 
of freshly prepared mixture, namely, 24 percent, while 
the minimum and maximum losses were 9 and 30 per- 

gas cent, respectively. While these data cannot be said to 
wi furnish conclusive proof that no hardening occurs dur- 

ing handling and laying operations because the mix- 
tures sampled at the plant were not the same as those 
sampled from the newly laid pavement, these as well as 
data obtained in other investigations by the Public 
Roads Administration do indicate that such hardening 
is relatively unimportant as compared to that sus- 
tained during the mixing operation. 

TABLE 8.—Comparison of the characteristics of the extracted | 
bitumens from top and binder courses } 

Hardening (loss of penetration) 
Oliensis spot 

—— rl i aaeaaie int enn ee 

. Original} Penetration Decrease in ductility abi 

FiGURE 3.—A, GENERAL VIEW OF 4N EXCELLENT PAVEMENT, | Sample No. |penetra-| of recovered | jonetration 2 equivalent 
AND B, Derain or THE Goop WarEer-Bounp MacapAmM ee et 
Bask Exposrep By REMOVAL OF THE SAMPLE. THE DARK top and Seal el ie Ma eee ew 
Spor IN THE RiIGHT FOREGROUND IN A IS THE Patco THAT binder | Top |Binder| Top |Binder| Top |Binder| Top |Binder 

Was Puacep AFTER THE REMOVAL OF SAMPLE 11—C-1. SS ea 
Per-| (Pere) Pere | Par 
cent cent cent cenl 

tween the earlier and later samples from individual | 4-B.-.----- 52] 20] 32] 44] 38] 87+ |. 80+ 0 0 : ; Tid ots 54| 21] 2] 61] 52] 96+ | 94+ | 16-20] 16-20 
projects were not particularly satisfactory. pA is Bee 53| 2| 33] 55| 38] 94+] 914 | 24-28] 40-44 

The field and laboratory data pertaining to the 31 | *C+------ tl eed ll Wel Hine in Wah Paton) oa 
samples obtained either at the plant or from the freshly Tr 

! Asphalt recovered by Bussow’s method. 
laid pavement on 14 pr ojects during construction in 2100 minus percentage of original penetration retained. 
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TABLE 9.—Relation of pavement and aggregate density to 
grading of the aggregate 

| Results of tests | Compaction Mechanical analysis of ex- 
of surfacing tests on extract- tracted aggregate (total aggre- 
samples ed aggregate gate passing) 

Sample No. oe ah | Aggre- | 

|Density| Pore. | Son. | Sate | %- | 36 | No. | No. | No. 
(grams ta Stiga voids | inch | inch 4 8 200 
per ce.) » ii (vi- over- | sieve | sieve | sieve | sieve | sieve 

sity! |brated)}| filled $ 

Per- | Per- | Per- | Per- | Per 
Percent Percent|Percent| cent | cent | cent | cent | cent 

en nee 2. 361 a ee .-| 100 | 84.7 | 60.6 | 45.1 3.0 
2-B-1- 2. 237 81 | 88 0 95 | 85.0 | 48.9 | 35.9 3.6 
it ae 2. 256 | 77 83 8 100 | 93.0 | 64.2 | 47.0 4.5 
4-B__.-. 2.316 | 78 81 0 100 | 93.0 | 70.7 | 60.0 6.0 
5-B__- 2. 343 79 85 257 100 | 93.0 | 62.3 | 54.0 6.3 
6-B__- 2. 290 77 82 rf 100 | 93.0 | 65.6 | 55.0 6.6 
8-B.- ae tl 89 3.0 | 100 | 90.6 | 48.4 | 38.2 4.7 
i 5 ae 2.375 82 89 2.8 | 100 | 84.1 | 49.2] 40.5 4.2 
12-B__ 2.356 81 | 86 2.2 100 | 96.3 | 60.0 | 50.4 3.4 
12-B-1 2. 360 80 | 90 4.5 100 | 95.6 | 61.0 | 45.8 4.8 
pets pee oo 2. 340 81 &8 2.9 100 | 96.1 | 64.5 | 53.1 6.7 
15-B__ 2. 385 | 84 88 2.3 | 100 | 97.3 | 60.7.) 42:0 Bee 
SS ee 2.103 |} 77 82 0 100 | 86.9 | 63.6 | 51.9 3.8 
19-B- 2. 051 74 | 86 8.0] 100 | 77.3 | 52.2 | 43.8 4.1 
J 6S el eee ee eae 77 87 2.6 | 100 | 97.7 | 69.4 | 44.8 4.7 
6-C-1 2. 247 | 79 87 2.0 100 | 93.4 | 78.2 | 45.6 3.0 
8-C-1 2 DeU =| in eRe ox xe = ane (Oe ae 100.0 | 65.1 | 42.2 ao 
11-C-1 cee ey LD | 76 81 | 4—1.2 100 | 82.2 | 57.0 | 46.8 4.1 
12-C-1____ | “2,350 82 86 es __1100.0 | 84.0 | 50.1 4.7 
13-C-1_ 2.278 tell 87 | ya | 100 | 97.0 | 70.2 | 44.5 3.8 
iS ae FA Sao ae 90 4.6 | 4 100.0 | 74.0 40.0 ee. 
15-C_- Lje 2.282 81 | 87 1.2} 100 | 97.6 | 60.2 | 37.9 3.3 

| 

1 _ ee of Soe vmente volume per unit of total volume in the sample of field- 
compacted surfacing. 

2 Percentage of aggregate volume per unit of total volume in the sample of extracted 
sgeregate compacted by vibration. 

3 Difference between actual asphalt content of the field sample and the asphalt 
capacity of the extracted aggregate compacted by vibration. (Percentages based on 
dry weight of aggregate.) 

4 As indicated by the minus sign, this mixture was underfilled. 

The ductility of the asphalt before and after mixing 
was 100+ for all 14 of the freshly prepared surfacing 
mixtures. Initial ductilities for the asphalts contained 
in the 17 samples of newly laid pavement were also 
100+ but the ductility test was made on the recovered 
asphalt for only 3 of the 17 samples. Two of these had 
a ductility of 100+ and the other, 90. 

None of these data are included in table 4 because 
they fail to give a true picture of the effect of mixing 
on the ductility. Certainly, they cannot be con- 
sidered to show that no change occurred in ductility 
because the machine available for making the test, 
being only 100 centimeters long, was not “capable of 
measuring the full ductility either of the original ma- 
terials or any but one of the recovered asphalts on 
which the test was made. Tests with the 250-centi- 
meter ductility machine of the Public Roads labo ratory 
have shown that ductilities of 200 centimeters are not 
uncommon for 50-60 asphalts and some samples have 
been found to have ductilities of 250+4-. Thus the 
initial ductilities reported by the laboratory but omitted 
from table 4 and most of those reported in table 5 for 
the pavements in service fail to represent the true 
ductilities. 

Some data are given in table 4 on the effect of varia- 
tions in mixing temperature and mixing time on the 
hardening of the asphalt. Although limited in number, 
the tests show quite definitely that 375° F., the highest 
mixing temperature permitted under the T—50 specifi- 
cation, is considerably more detrimental to the asphalt 
than the minimum specified temperature of 275° F. 
The comparisons were made at six different mixing 
plants as shown in the right-hand column of table 4 
_At plant No. 9 no difference was found in the amount 

of hardening caused by mixing temperatures of 375° F. 
and 275° F. At plant No. the percentage of the 

Figure 4.—Typicat Basks ExposED By REMOVAL OF SAMPLES. 
A, ConcrEeTE Bass SHOWING SHATTERING AND SCALING 
(EXTREME LEFT oF Pictur#); B, Brick Bash WuicH SHOWED 
Somm Movements AS EvIDENCED BY THE CRACK IN THE 
Grout FILLER (EXTREME Ricut or Picture); C, SuRFACE- 
TREATED, WatEeR-Bounp Macapam Bass IN Goon Con- 
DITION. 

original penetration retained after 1 minute of mixing 
at 375° F. was 80 and at 280° F. it was 86, the difference 
in percentage being 6 for a temperature difference of 95° 
F. or 6.3 when estimated for a temperature difference 
of 100° F. The estimated or actual difference for the 
other plants on the basis of a temperature difference of 
100° F. was 7 for plant No. 17, 6 for plant No. 1, and 
10 for plant No. 20. The average difference for these 
five plants where the temperature was varied was 5.9. 
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FiGuRE 5.—RELATION OF PERCENTAGE OF ORIGINAL PENE- 
TRATION RETAINED BY THE RECOVERED ASPHALT TO THE AGE 
OF THE PAVEMENT. (Portnts SHOWN oN ZeRo AcE LINE 
ror N&GATIVE-Spot Group REPRESENT 31 SAMPLES OF 
FRESHLY PREPARED OR NeEwty Laip Pavina Mrxrure; 
NuMERALS BEsIDE SomE or THESE Pornts INpicatTE THAT 
2, 3, orn 4 SamptEes ARE REPRESENTED BY THESE Pornts.) 

In other words, the loss in penetration was indicated 
to be about 6 percent greater for a mixing temperature 
of 375° F. than for a temperature of 275° F. 

Comparison of sample C-3 with sample C—4 and 
sample C—6 with sample C—7, table 4, shows the effect 
of varying the mixing time with the temperature main- 
tained approximately constant. On the basis of the 
temperatures actually maintained, lengthening the mix- 
ing time to 5 minutes as compared to the normal 1 
minute, increased the amount of hardening by a per- 
centage difference of 7 in one case and did not appear 
to affect the amount of hardening in the other. 

AGING IN PAVEMENT APPARENTLY CAUSED DETRIMENTAL 

CHANGES IN THE ASPHALT 

The results of tests on the asphalts recovered from 
pavements in service, table 5, indicate that important 
changes continued to develop after the paving mixtures 
were laid and placed in service. 

The effect of aging in service on the penetration of 
the asphalt is shown graphically in figure 5. This 
effect appears to differ somewhat for the negative-spot 
and the positive-spot asphalts and is, therefore, shown 
separately for the two respective groups of samples in 
the left and right portions of the figure. For both 
classes of material, a definite tendency is shown for 
penetration to fall off as the age of the pavement in- 
creases but the wide range of values of retained pene- 
tration for any particular age makes it impractical to 
present curves to show mean rates of hardening or to 
attempt to predict for any given set of materials and 
conditions what rate of hardening should be expected. 

AGE OF PAVEMENT- MONTHS 

Ficurb 6.—Errect oF Voip CONTENT AND PERCENTAGE OF 
AGGREGATE Voips FILLED WitrH ASPHALT ON HARDENING 
or THE AspHALT WitH AGE. (Upper NuMBER BESIDE 
Eacu Pornr REPRUSENTS PERCENTAGE OF AGGREGATE 
Vorps Fituep With AspHALT; LowER NUMBER REPRESENTS 
PERCENTAGE OF ATR-FILLED Vorps IN PAVRMENT SAMPLE.) 

It is believed, however, that the data are sufficiently 
indicative when considered in relation to the losses at 
the mixing plant to show (1) that the very serious losses 
that occur at the plant injure the asphalt as much as 
would several years of service, and (2) that reasonable 
measures that might tend to reduce penetration losses, 
both at the plant and in the pavement, should be 
investigated. 

The wide dispersion of the points in both parts of 
figure 5 from any conceivable mean rate of hardening 
indicate that there may be several factors capable of 
greatly modifying the effect of age on the amount of 
hardening shown by the asphalt in the pavement. 

One of these factors is the susceptibility of the 
asphalt itself to weathering and this susceptibility 
doubtless varies with the source of the crude oil, the 
method of manufacture, and perhaps other considera- 
tions. The fact that, as a group, the recovered as- 
phalts that reacted negatively to the spot test differed 
materially in the amount of hardening shown at a given 
age from those that gave positive spots (see fig. 5) is 
indicative of this. 

A second factor that appears from the data to have a 
marked effect on the rate of hardening and to account, 
therefore, for a considerable part of the dispersion of 
points, particularly those representing negative-spot 
asphalts, is the denseness of the finished pavement as 
reflected in the percentage of the aggregate voids in the 
compacted pavement filled with asphalt and the cor- 
responding percentage of air-filled or pavement voids. 

The relation of this factor of pavement density to the 
amount of hardening of the asphalt in the pavement is 
shown in figure 6. This figure is a repetition of figure 
5 with all samples of zero age and all samples for which 
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density figures were lacking omitted. The percentages 
of aggregate voids filled with asphalt are shown as 
whole numbers beside the individual points and the 
percentages of pavement voids, these being less than 
10 in all cases, are also shown. 

In the case of the samples containing negative-spot 
asphalt, it happened that most of ‘those showing 
extremely high or extremely low retained penetration 
were taken after 1935. Hence, the test data included 
their densities. The ones having 78 to 100 percent of 
their aggregate voids filled with asphalt and having 
corresponding pavement voids of 3.5 to 0 percent con- 
tained asphalts that, at equal ages, had retained higher 
percentages of their original penetration than those 
having less than 78 percent of their aggregate voids 
filled and having corresponding pavement voids of 
4.5 to 9.7 percent. This suggests that about 4 percent 
may be a critical void content from the standpoint of 
weathering for this type of mixture. 
Thorough filling of the aggregate voids may be 

accomplished, without undue compaction effort but 
at the possible expense of skid resistance, by the use of 
extremely rich mixtures. It may also be accomplished 
on relatively leaner mixtures by the expenditure of 
greater compaction effort but at the expense, in extreme 
cases, of detrimental crushing of the aggregate. With- 
in reasonable limits, either means may be selected as 
the primary design consideration depending upon the 
urpose for which the mixture is intended and whether 
ugh stability or great flexibility is desired. 
Several of the samples containing positive-spot 

asphalt and showing extreme variations in loss of 
penetration (see fig. 5) were among the group taken in 
1935 for which density figures are not available. The 
relation between pavement voids and loss of pene- 
tration through aging, shown by the remaining 13 
samples of known density (see fig. 6) is neither as 
marked nor as consistent as was the case for the 
negative-spot samples. However, there is some indica- 
tion that the hardening shown by the positive-spot 
asphalts was also affected by the void contents of the 
pavements. 

While the data on the plant samples and those from 
the newly laid pavement failed, as previously noted, 
to give any indication of ductility losses incident to 
mixing because of the lack of information concerning 
the true initial or final ductilities involved, the s samples 
from the pavements in service furnished at least par- 
tially satisfactory information on the loss of ductility 
with aging. Again, as in the case of the plant samples, 
the true initial ductilities are not known but even with 
the reported initial ductilities as a starting point, these 
being 100+- in all but three cases (see table 5), the 
loss of ductility during service in the pavement was 
generally very extensive and furnished further evidence 
of the very definite and presumably detrimental 
changes that were induced in the asphalt by the condi- 
tions of service. 

The relation of retained ductility to pavement age is 
shown in figure 7. The data for the samples containing 
negative-spot asphalts are plotted in the left panel 
while the data for the positive-spot samples are at the 
right. Although, as in the case of penetrations (fig. 5) 
it is impractical to attempt to draw curves to show the 
average rate of ductility loss, it is quite apparent that 
there is a general trend for ductility to decrease rather 
rapidly with increasing age. It is also apparent that 
as a group and for comparable ages, the positive-spot 
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asphalts retained somewhat lower residual ductilities 
than the negative-spot materials. 

The void contents of the pavement samples are 
again shown beside the individual points as in figure 6. 
Here, as in figure 6, where loss of penetration was con- 
sidered, it is apparent that the void content of the 
pavement had a consistent and fairly important effect 
on the amount of alteration or weathering shown by 
the negative-spot asphalts. Those from samples hav- 
ing void contents of 3.5 percent or less showed consist- 
ently higher residual ductilities than those from pave- 
ments of comparable age having void contents of 4.5 
percent or more. From the data available, however, 
the ductilities of the positive-spot asphalts appear to 
have been little affected by the void contents of the 
pavements (see fig. 7). 

TEST RESULTS CORRELATED WITH SERVICE BEHAVIOR 

So far, the discussion has been confined primarily to 
the changes that took place in the asphalt as a result of 
the mixing process and subsequent exposure and an 
effort has been made to show how various factors 
affected these changes. 

In the following graphs and discussion, the various 
factors for which data have been presented, will be 
considered with respect to the condition of the pave- 
ment at the time of sampling. 

Figure 8 shows the relation of surface condition to 
base condition. There is, as would be expected, a 
general tendency for good base conditions to be reflected 
in good surface conditions. All of the fair (average) 
and good surfaces and all but two of the excellent sur- 
faces. were found on bases that were in good or excellent. 
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condition. The other two excellent surfaces were on 
fair (average) bases. However, the fact that very poor 
and poor surfaces were found on several good bases 
indicates that other factors than base condition must 
be taken into consideration to account for all surface 
conditions. In order that unsatisfactory surface con- 
ditions that are properly attributable to base conditions 
may not be charged improperly against the quality of 
the surfacing mixtures or their constituent materials, 
the data to be used in the following analyses and oraphs 
in the study of these other factors will be only those 
obtained from samples taken where the base was rated 
average or better. 

Figures 9 and 10, which were plotted from data in 
table 5, show the relation of surface condition to the 
amount of hardening developed in the asphalt. In 
figure 9, the comparison is made on the basis of the 
actual penetrations as determined on the samples of 
recovered asphalt, while in figure 10 these residual 
penetrations have been converted to percentages of the 
original penetrations as determined at the time of 
construction. The relations of figures 9 and 10 are also 
shown in table 6 which is a summary of the hardening 
data in table 5. 

From the relations shown in table 6 and figures 9 and 
10, the effect of hardening on the behavior of the pave- 
ment is clearly apparent. For the asphalts in very 
poor pavements, the retained penetration was in no 
case more than 42 percent of the original. In the poor 
and fair (average) pavements, the maximum retained 
penetrations were respectively 55 percent and 57 
percent. 

In contrast to the pavements classified as average or 
poor, the asphalts in the excellent pavements had re- 
tained from 57 to 99 percent of their original pene- 
tration. 

Of the asphalts from good pavements, five had retained 
more than 57 percent and nine had retained less than 
57 percent of their original penetration. 

The foregoing analysis, which is confined entirely to 
cases where the bases were average or better, indicates 
that asphaltic concrete surfaces of the type studied can 
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reasonably be expected to remain in good to excellent 
condition as long as the 50-60 penetration asphalt 
used retains as much as 57 or perhaps 60 percent of 
its original penetration. This corresponds to an 
actual penetration of about 30 on the recovered asphalt 
(see fig. 9). 

It does not follow that unsatisfactory pavement 
conditions will result as soon as the retained penetration 
falls below 57 percent because nine of the pavements 
classified as good ranged from 34 to 56 percent in 
retained penetration, indicating the influence of other 
favorable factors; but it seems safe to say that unsatis- 
factory surface conditions are more than likely to 
develop when the retained penetration of the grade of 
asphalt used in these pavements falls to the vicinity 
of 40 percent or to an actual penetration of perhaps 
20 to 22. 

Figure 11 shows the relation of surface condition to 
the ductility of the recovered asphalt. The grouping of 
the points in the various condition classes is very similar 
to that shown in the previous figure although the 
numerical values are, of course, different. Reference 
to this figure shows that only good or excellent surface 
conditions were observed on pavements in which the 
ductility of the recovered asphalt proved to be 13 centi- 
meters or more, provided the base conditions were 
average or better, and that only one, unsatisfactory 

Lao 
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pavement was found in which the retained ductility 
was appreciably more than 10 centimeters. On the 
other hand, more than half the pavements in which the 
ductility of the recovered asphalt was 10 or less were 
in very poor to fair (average) condition, 
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BETTER SECTIONS HAD HIGHER RETENTION OF ORIGINAL 

PENETRATION AND DUCTILITY 

In the analysis based on the limited number of tests 
made by the Public Roads laboratory (see table 7) the 
good and excellent surfaces were grouped together as 
satisfactory pavements and the poor and very poor 
were grouped as unsatisfactory. No samples from 
intermediate, or fair, surfaces were tested by this labo- 
ratory. On tbe basis of percentage of penetration 
retained, these two groups are clearly divided at 55 
percent. Of the samples for which the penetration of 
the recovered asphalt was determined, all but two of 
those representing satisfactory surfaces contained 
asphalts that had retained more than 55 percent of 
their original penetration and all those that represented 
unsatisfactory surfaces showed retentions ranging 
downward from 55 percent. On the basis of residual 
ductility, a fairly good separation was obtained at a 
ductility of 10 centimeters. Eight out of ten samples 
from satisfactory surfaces contained asphalts having 
ductilities above 10 centimeters and all the asphalts 

tested from unsatisfactory pavements had ductilities 
of less than 10 centimeters. 

Tests were made on the asphalt from both the sur- 
facing and binder course of four samples to determine 
whether the character of the asphalt showed more 
alteration near the exposed surface than at a deeper 
level. The results of these tests are shown in table 8. 
As would be expected, these asphalts showed consist- 
ently greater changes in the wearing course than in the 
binder course. The amount of hardening at the higher 
level was the greater in all cases and the loss of ductility 
was greater for three out of the four samples for which 
the comparison was made. 

The factor of age naturally had an important effect 
on the condition of the wearing courses. The relation 
of surface condition to age is shown in figure 12. None 
of the poor or very poor surfaces were less than 40 
months old and only one of the excellent pavements 
was as much as 32 months old. However, the age of 
the surfaces described as good ranged from 15 to 62 
months, another indication that no one factor could be 
used to account for the condition of the pavement. 

The roller stability test, although made on only a 
limited number of samples (see table 7) produced 
valuable information. The roller stability values for 
eight samples of satisfactory pavement ranged from 12 
to 89, indicating that the mixtures were still plastic. 

The values for five out of six samples of unsatisfac- 
tory pavement ranged from 109 upward to 478, indi- 
cating that the pavements were becoming hard and 
showing a tendency toward brittleness. The other one 
of these six samples showed the extremely low stability 
of 4, indicating a very soft plastic condition. Although 
this pavement had not actually developed any rutting 
or corrugation, it is believed that its stability was 
dangerously low. Two samples from unsatisfactor 
pavements were too brittle and badly cracked to permit 
the sawing of specimens for the roller stability test. 

It is believed that the magnitude of the roller stability 
values, indicating the dividing line between satisfactory 
and unsatisfactory pavements, may vary considerably 
for various types of surfacing mixtures and that, because 
of this probable variation, the figures given should be 
considered as applicable only to these or similar bitu- 
minous concrete wearing course mixtures containing 
little or no mineral filler. 

EFFECT OF AGGREGATE GRADING STUDIED 

Although this investigation was primarily concerned 
with the behavior of the asphalt rather than the aggre- 
gate, sleve analyses were made on the extracted aggre- 
gates from all the samples tested in the Public Roads 
laboratory, and vibratory compaction tests * were made 
on all but two of the aggregates. The results of these 
tests are shown in table 9. 

The vibratory compaction tests indicated that all 
but 1 of the 20 mixtures tested contained sufficient or 
more than sufficient asphalt to fill the aggregate voids 
if the aggregate were compacted to its maximum ob- 
tainable density. The use of such an amount of as- 
phalt as to produce up to 434 percent of overfilling on 
the basis of the vibratory compaction tests (table 9) 
did not impair the stability of the surfaces as evidenced 
by their freedom from ruts or corrugations. It is, 
therefore, believed that in cases where little or no over- 
filling was indicated by the vibratory compaction tests 
some additional asphalt would not have impaired the 

4 Apparatus and method of test described by J. T. Pauls and J. F. Goode in PuBLIc 
Roaps, Vol. 20, No. 3, May 1939, page 55. F 

ie a 
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stability and might have been beneficial in providing 
better sealing. 

Comparison of the aggregate densities in the pave- 
ments with the densities obtained by vibrating the dry 
aggregates indicated that, in several cases, additional 
compaction probably could have been obtained in the 
pavement if the limits of compactibility of the mixtures 
had been available as a basis for judging when sufficient 
rolling had been done. In other cases, the high densi- 
ties of the pavement samples (see table 9, column 2) 
corresponding, in the case of sample 15—B, to 149 pounds 
per cubic foot or slightly more than 4,000 pounds per 
cubic yard, indicated that about the maximum practical 
density had been attained.® 

An outstanding characteristic of the aggregates in 
most of these bituminous concrete surfacing mixtures 
was their low dust content and the fact that, with these 
low dust contents, most of the dry aggregates were 
capable of being compacted to aggregate densities of 
85 to 90 percent, corresponding to aggregate void con- 
tents of 10 to 15 percent. 

These highly compactible aggregates were produced 
by combining in carefully regulated proportions various 
sizes of crushed stone or slag with artificial or local 
natural sand without the addition of any filler material. 
The combined effect of low dust content and high 
density obtained by interlocking of the stone fragments 
accounts for the uniformly satisfactory stability of the 
mixtures in service. Such relatively harsh mixtures 
have the great advantage of high resistance to shoving 
even when not fully compacted and, because of the 
absence of filler material, are easily mixed. For this 
reason, attention could well be given to the advisability 
of permitting reduction of both the mixing temperature 
and mixing time when this type of surfacing aggregate 
is available. 

Mixtures prepared with these harsh aggregates re- 
quire special care in laying and finishing to prevent 
segregation, but experience has proven conclusively that 
uniform appearing, smooth-riding pavements can be 
built with them. In addition to having generally high 
stability, these pavements usually show either a typical 
sandpaper or a mosaic, nonskid surface texture depend- 
ing upon their age and the amount and type of traffic 
carried. 

SUMMARY 

As indicated by the data obtained in this investiga- 
tion, the performance of the pavements was influenced 
by so many variable factors that it is impossible to 
draw positive conclusions or to set up definite recom- 
mendations based on the data. However, the data 
do show certain trends that merit attention and suggest 
further investigation. 

1. The design of the surfacing mixtures, as regards 
grading of the aggregate and quantity of asphalt used, 
appears to have been excellent as does the technique 
employed in constructing and finishing the wearing 
courses. The data indicate that only in rare instances 
was insufficient asphalt used or compaction short of a 
practical maximum obtained. In all cases, sufficient 
stability for the service required was obtained and the 
riding quality of the surfaces was generally excellent. 

5 Subsequent investigations made by the Ohio Department of Highways, com- 
paring the densities of newly laid pavements with the respective densities after 
several months’ service, indicate that ultimate density is seldom obtained during 
construction even under the most stringent rolling requirements. The tendency for 
the aggregate particles to rearrange under traffic and to approach the vibrated aggre- 
gate densities increases with the use of softer asphalts. 

2. The type and condition of the bases had a very 
important bearing on the behavior of the surfaces. 
Obviously, no amount of care in the design, construction, 
and maintenance of the surfacing could be expected to 
compensate for failure of the base to furnish ample 
support. This investigation was not undertaken to de- 
termine what was wrong with the bases, but the effect 
of base conditions had to be considered in order to ar- 
rive at a fair evaluation of the effects of other factors. 

3. The character of the recovered asphalt, as judged 
by the Oliensis spot test, appears to have some bearing 
on the pavement condition. As a group, the average 
and poorer pavements on average or better bases con- 
tained 5 negative-spot and 4 positive-spot asphalts, 
while among the good and excellent pavements there 
were 15 negative-spot as compared to only 6 positive- 
spot materials. Thus the negative-spot asphalts 
were fairly definitely associated with satisfactory pave- 
ment behavior. As shown in figure 5, the positive-spot 
asphalts appeared to be somewhat more susceptible to 
the changes evidenced by hardening than those that 
showed a negative reaction to the spot test. 

The data appear to show some superiority for the 
negative-spot asphalts extracted from the pavement 
samples. However, it is not known whether or not any 
of the asphalts were positive at the time the paving 
mixtures were prepared. 

4. The data indicate that the drastic changes in the 
asphalt that were found to result from normal mixing 
operations probably resulted in the loss of many months 
of satisfactory pavement service. 

It has been shown that both hardening and loss of 
ductility appear to continue throughout the life of the 
pavement. It has also been shown that, for the 50-60 
penetration asphalt involved in this investigation, 
satisfactory service is quite likely not to continue after 
the penetration has fallen appreciably below 57 per- 
cent of the original or to an actual penetration of some- 
thing less than 30 while the corresponding critical duc- 
tility appears to be about 10 or perhaps 13 centimeters. 
It seems logical to conclude, therefore, that any harden- 
ing or reduction in ductility that occurs during mix- 
ing must shorten the life of the pavement by about the 
number of months that would be required to produce 
the same changes under service conditions. Thus, the 
mixing losses assume considerable importance because 
they add materially to the annual pavement costs. 

Since oven loss tests on penetration grade asphalts 
generally produce little or no weight loss at 325° F., 
a temperature comparable to the mixing temperatures 
of 275° to 375° F. employed in Ohio, it appears that 
the changes that occur in the asphalt during mixing 
must be largely chemical in nature. Therefore, it is 
impossible to judge, from the data presented, whether 
the percentage penetration loss or the actual residual 
penetration is the better index of deterioration of the 
asphalt. Certainly the critical values suggested for 
either, as appropriate for 50-60 penetration asphalt, 
should not be applied indiscriminately to other grades 
without previous investigation. 

5. Alterations in the asphalt caused by mixing appear 
to depend upon two factors, namely, the susceptibility 
of the asphalt to alteration and the conditions and 
time involved in the mixing operation. 

It would be unreasonable to expect that asphalts of 
such low susceptibility to hardening could be produced 
that they could not be damaged by oxidation, over- 
heating, or excessive mixing. Furthermore, it is 
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unlikely that improvements in plant design and | design of the mixtures and of improvements in equip- 
management can entirety eliminate hardening, particu- 
larly for the asphalts that are highly susceptible to 
alteration. It does seem reasonable to expect that 
both the character of the asphalt and the design and 
management of mixing plants can be improved so 
that alteration of the asphalt will be very mate- 
rially reduced and pavement life correspondingly in- 
creased. 

It has been pointed out previously ° that specification 
requirements seeking to control both the asphalt 
furnished and the manipulation to which it is subjected, 
by establishing minimum requirements that must be 
met by the asphalt extracted from the finished pave- 
ment, result in dividing the responsibility between the 
producer who furnishes the asphalt and the contractor 
who uses it. The specifications should accomplish two 
distinct objectives: (1) They should assure that the 
asphalt, as delivered, is resistant to alteration, and (2) 
they should assure that the asphalt shall not be unduly 
altered by the contractor. 

To control the quality of the asphalt delivered, insofar 
as its resistance to alteration is concerned, a clause 
should be inserted in the material section of the speci- 
fications providing that the asphalt shall meet certain 
minimum requirements in a suitable laboratory test. 
This will necessitate the development of a laboratory 
test that, when properly correlated with mixing plant 
data, will furnish a dependable index of the resistance 
of the asphalt to the alterations evidenced by changes 
in penetration and ductility. Because of the large 
number of samples handled daily by many laboratories 
during the construction season, the test should be as 
simple as possible. A number of laboratories are now 
working on this problem. 

To assure protection of the asphalt through high- 
type mixing plant equipment and management, a 
clause in the construction section of the specifications 
might be justified to provide that the asphalt extracted 
from the freshly laid pavement shall meet suitable 
minimum requirements for penetration and ductility. 
Assuming that the asphalt, as delivered, had shown 
satisfactory qualities in the test for resistance to 
alteration, the construction or protection clause would 
then make the contractor definitely responsible for any 
excessive alteration of the asphalt during manipulation. 
Improvement of mixing plant management involves 

the modification of present practices to take full 
advantage of relatively recent developments in the 

6 Needed Research on Asphalts, by E. F. Kelley. Proceedings Highway Research 
Board, 1935, p. 264. 

(Continued from p. 128) 

watchmen in protecting grade crossings. The com- 
puted hazard index of practically every crossing at 
which gates had been installed or a watchman em- 
ployed was lower than the index of other crossings in 
the same assigned priority group. It is_ possible, 
however, that a majority of the committee desired to 
eliminate as many as possible of the crossings protected 
by gates or watchmen and therefore, consciously or 
unconsciously, assigned a higher priority to these loca- 
tions than if rating had been by means of the mathe- 
matical formula. A few of the crossings, such as the 
first and third in the first priority group, were actually 
considered as one project, which increased the hazard 

ment and methods of construction. 
As noted in the first part of this report, the early 

design of the fine aggregate type of bituminous con- 
crete required the addition to the aggregate of a con- 
siderable portion of mineral dust or filler. Under the 
present practice in Ohio, the mixtures contain only such 
dust as occurs naturally in the crushed aggregate and 
the natural or artificial sand. Field mixing tests have 
indicated that some of these aggregates can be satis- 
factorily coated with asphalt in less than 30 seconds 
of wet mixing as compared to the 45 or more seconds 
quite generally specified for mixtures to which dust is 
added. 

The mixing temperatures required in early speci- 
fications were necessarily high enough to provide 
sufficient heat for rolling after such time-consuming 
operations as hauling the mixture to the job in slow 
conveyances and laying it by hand. With modern 
hauling and spreading equipment, heat losses between 
the plant and the pavement are considerably reduced. 
It is also significant that a somewhat cooler mixture 
can be handled satisfactorily by a mechanical spreader 
that can be finished by hand raking. 

In general, the tendency has been to retain in present 
day specifications both the mixing times and the 
mixing temperatures dictated by the less favorable 
considerations of early design and construction meth- 
ods. The use of lower mixing temperatures or shorter 
periods of mixing or both, when possible, should result 
in reduced hardening and loss of ductility. 

Attention has been directed to what are believed to 
be reasonable and feasible measures for improving 
specifications and mixing-plant management. There 
remains the possibility of improving the design of 
mixing equipment further to protect the asphalt. from 
the damaging effects of exposing it to the air at high 
temperatures and in thin films as is now the normal 
practice. 

6. Protection of the asphalt against weathering 
changes after it is in the pavement is a third means 
of prolonging satisfactory service. Just how far 
weathering in the pavement can be reduced is not 
predicted but consistent attainment of all the con- 
ditions tending to retard weathering should be of 
material benefit. These include the provision of both 
surface and sub-base drainage to prevent the entrance 
of moisture into the mixture, the use of densely graded 
ageregates with sufficient asphalt to fill essentially all 
the pore spaces in the aggregate at optimum field com- 
paction and, finally, the definite attainment of optimum 
compaction during construction. 

of the combination above that of the projects with a 
single site and was a factor in their joint selection. 

ADDITIONAL FACTORS CONSIDERED IN OTHER FORMULAS 

The plan of rating all crossings which has been used 
by the Utah and Idaho Highway Planning Surveys 
includes a good example of an approximate formula 
which, although its coefficients and weights are based 
on judgment, apparently produces a reasonably satis- 
factory rating. More detailed information than is 
generally available in other States was collected and 
used in the development of the priority ratings. The 
formula, though based on earlier studies made in 
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TABLE 2.—Hazard rating of 25 rural crossings in Maryland which were grouped by the State in 5 priority divisions 

Priority t High- | main : High- Train Protec- | E Total I 
group Route No. way reatnia Protection wayfac- | factor | tionfac-; Is | K ae for 
No. traffic tor (H2) (T>) tor (P*) | group 

COGS 10a cesbene <naour 654 SOD ECACES (24-HOUD) coe acon eaet cee waa a eee 3.01 2.03 2.56} 3.06 —0. 37 2. 69 | 
Se Oe ee wee ee 2, 908 Toe ISU ES BUG DOUS <a oat nat te Lee 3. 88 1.91 2. 25 4, 21 +3.15 7. 36 | 

2 COL B74: AUR Se Bin 780 109 | Gates (24-hour)______ eee Ny OAS he Pee 3.11 2. 03 2.56 | 3.16 = 95 | 2.08 20. 54 
DGS eal een ee oe ee es 1, 224 107 Gates (25-HOU?) == ea eet oe 3. 34 2. 02 2. 56 3. 37 +. 12 3. 49 
8 che Ly peace ae Se ee 1, 090 ZOrbientsand Delise. S920.) ee a 8 3, 25 1.92 2. 25 8, 55 +. 52 4. 07 

Mids. 00 eee cece 2, 537 |g LST Radha fl Spe, PES 3.7 1.45 1.7 3.94 +1.96 | 5.90 
MEGA 75 5, ees eee 733 TeleLights und pellgseuees el. ee oe ee 3.07 1.91 2.25| 3.34 +.06 | 3.40 | 

pee os an Mid IS Ln er eee oe 1,314 Sa te CEALCS(A-NOUT) ee ee ee te eee 3. 38 1.70 2. 56 2. 87 —.57 2. 30 | 17. 03 
fbr, ee ee ne SBD AST? 2, 279 16s eR lashing Ligh to=. =e eee apaeree eee 3.71 1.52 2.18 | 3.32 +,02| 3.34 | 
O08 [tp ARs A GREe * ey See 467 SE Reis Bnd! Delisssew So oe ee eS ee 2. 84 1.70 2. 25 2.75 —. 66 2. 09 | 

OSs Re i? ec Se 5 ae eee oe 1, 476 UPD CLS see. 5 eee een ee Sens. ee ee 3. 46 1. 53 iby 3. 80 +1. 35 5.15 
GOCANG rc era ecaee esus 758 45°) Wetchman (24-hour) 2<.2..-2 42 2. .s2-4 oo 3. 09 1.78 2. 52 27 —. 64 2.15 | 

a Gs 216 Sees ee ee ee a 346 107aiewWeatchiian (6-houtjei2. = sas 2 ee 2.70 2. 02 2. 43 2. 87 —.57 2. 30 15. 13 
So eee IS ae 2, 592 1QU\edaightsandpellsss ses oak rs Spel ie 3.7 1. 54 2.295 | 3.31 0 3.31 
ERR patae en as soe ete? 1, 258 2a ALGOINaE, (24-DOUT) se eck 3. 35 1. 66 2. 52 2. 83 —.61 2. 22 

MG o0l = ee 2, 933 Paeiashing digits esemee or eee ee.) ee 3. 88 1.53 2.18] 3.48 +.36| 3.84 
Maus mee wena SBP 2, 322 JOU Mloiehite andibellse: sensee se 3.72 1.42 2-95 1) 3.01 = 454) bo 5S 

‘: ae EG hey 2 tae hed 2 Be alee ewe 251 78) eboights andi bollsas se. teem 2a hte 2. 55 1.91 2.25} 2.76 AiG || eal 13. 80 
OGn 14 2AeT eee ees 179 OTe BCLALOS] CLO-NON TY) Serer re ee enero neta ne 2. 39 2. 02 2. 47 2. 50 —.78 1,72 
Ufs Rh eae pele Re elas 1, 302 Gi RSigriseree eae Creo cigs OP ie. 55. 8 3, 37 1.30 1.65 | 3.39 +.16| 3.55 

12 0 Fai ES ae 139 ar2a\ Gates: (24-hour) ae a ee ee 2. 29 2. 03 2°66 on38 ens 1. 50 
MG S80 sees es eee © 2, 078 ifglerlashing Jichtsm seer es Ste 3. 66 1.44 2.18 | 3.10 = hk 2.79 

hee. WS b lees oe ote 874 \oumLAsits and bells= ses wee ee 3.16 1.66 2.25 | 2.98 = 45 pe bs 11. 42 
ROI ener Lee 802 Shalelishtsianid) bells seamen ene ee eee a a 1.71 225 8, 08 —.40] 2.63 
Ce100E eae Ca ee 399 Sealelneh tsa bellss meen ous eet eS 2.77 1.70 2.25 | 2.67 70 1.97 |} 

Illinois and Connecticut, includes some valuable | well worth considering. It was concluded in this State 
additions. that the general formula used by most States was un- 

The index of hazard used in Utah and Idaho is calcu- 
lated from a formula that assumes that hazard to the 
public is a function of the volume of vehicular and 
railroad traffic and of the nature of these movements 
over the crossing and the physical conditions existing 
there. Factors for the various elements entering into 
the hazard of the crossings have been selected with 
which to weight the items in relation to their relative 
importance. These factors are substituted in the 
following formula: 

Hazard index (HJ) =VT (7,+S+A+N+C+M) 
where V=factor representing volume of vehicular 

traffic, 
7=factor representing volume of train traffic, 
T,=train type and speed, 
S=view factor, 
A=intersection angle, 
N=number of tracks, 
C=highway alinement, and 
M-=special conditions. 

It is probable that the outstanding addition made 
by the Utah and Idaho formula to previous grade cross- 
ing formulas is the item covering type and speed of 
train movement. It is contended in these States that 
the likelihood of inaccurate judgment on the part of a 
vehicle operator increases roughly in proportion to the 
train speed and the time that the train blocks the 
crossing. Certain types of trains can be better con- 
trolled than others and the probability of an accident 
varies in proportion to this control. Electric trains, for 
instance, are generally shorter and more controllable 
than steam trains. The new streamlined models, 
due to their high speed, reach a crossing from a distant 
point within the clear view of a crossing in a surpris- 
ingly short time and, since they require a considerable 
distance in which to come to a stop, they are generally 
more dangerous to highway traffic than other types of 
train movement. Information concerning the type 
and speed of trains should add consider “ably to the 
value of a priority rating based upon a hazard formula. 

A study of grade crossing accidents in Oregon de- 
veloped some interesting suggestions that appear to be 

necessarily complex. For example, the Oregon study 
indicated that road surface conditions, sight distance, 
angle of intersection, number of tracks, and alinement 
had little or no effect on the number of accidents. 
It was not contended that these factors did not affect 
accident hazard, but it was assumed that adverse con- 
ditions in these factors caused enough motorists to 
exercise special caution to balance the undesirable 
conditions to such a degree that no more accidents 
occurred at crossings with poor conditions than if 
these conditions were normal. 

The following simple formula was used in Oregon to 
rate all crossings: 

JH=V I e78;) (1--A) 
where /H/=index of hazard, 

V=average daily vehicular movements, 
7T,;=average daily train movements (weighted 

to take care of the greater probability of 
night accidents), 

S,=vehicular speed factor, 
S,=train speed factor, and 
A=accident record. 

The most interesting item introduced by the Oregon 
Highway Planning Survey is the inclusion of a factor 
concerning the traffic, both vehicular and train, during 
the hours of darkness. Their studies indicated that 
while traffic volume generally decreases after dark, the 
accident rate increases. This tendency was _ pro- 
nounced, and it was determined that motor vehicle 
and train movements at night in urban areas were 
potentially 3.0 times as dangerous as daylight move- 
ments, and in rural areas 1.8 times as dangerous as 
daylight movements. Records of traffic movement 
were carefully divided into day and night traffic and 
the night traffic given greater weight in accordance with 
their findings. This increase in accidents during the 
hours of darkness probably accounts for a large portion 
of the great increase in the rate of accident occurrence 
in the months of October, November, and December, 
when traffic volume is generally decreasing. The 
inclusion of some factor that gives greater weight to 
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traffic that moves during the hours of darkness seems 
logical. 

ADDITIONAL DATA MIGHT ENABLE DEVELOPMENT OF AN 

IMPROVED FORMULA 

It appears from the study that has been made that 
some additional information should be obtaimed con- 
cerning the accidents and the conditions that existed 
at the crossings at the time of their occurrence. Better 
estimates of the highway and railroad traffic for the 
day and hour of the accident would be helpful. More 
complete descriptions of the accidents and the possible 
causes contributing to them should be given instead of 
using such stock phrases as ‘‘failed to observe signal”’ 
or ‘‘carelessness of driver.’’ Reports concerning the 
causes of accidents, prepared by a public official trained 
to observe the necessary conditions and details, would 
be preferable to reports required of railroad officials. It 
is probable that a comparatively small amount of more 
reliable and more representative data would make 
possible the development of a formula that would be 
considerably more reliable than the ones given in this 
article. 

Regardless of the dependability of the computed 
hazard rating for any crossing or group of crossings, this 
index should be used only as one type of measure of the 
need of crossing elimination. In some locations where 
motor-vehicle traffic volume is very low, protection may 
be desirable to protect railroad property, especially 
fast-moving trains, from slow-moving trucks or other 
large vehicles that are a hazard to the train passengers, 
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crew, and equipment. As many factors as can be 
obtained should be considered along with the hazard 
rating. 

The plan developed by the Maryland Highway Plan- 
ning Survey has been adopted by the planning surveys 
in several other States to aid in the selection of « crossings 
for elimination and in the assignment of priority num- 
bers to these crossings or to groups of crossings. In 
this plan data concerning the more important crossings, 
as measured by highway and railroad traffic, are tabu- 
lated. These tabulations are submitted to several engi- 
neers concerned, including railroad officials, and a rating 
for each crossing is requested. The several ratings 
assigned are then combined by scoring points for first 
choice, second choice, etc., and priority ratings thus 
obtained. When a sufficient number of crossings have 
been assigned priority numbers for elimination, the 
balance may be studied concerning their protection 
needs. 

It is believed that the hazard rating computed from 
the formula described herein and the protection coeffi- 
cients suggested will be of value when combined with 
other independent ratings. Any rating made by indi- 
viduals, as suggested above, could be combined with 
one made by using the hazard formula outlined in this 
report. <A priority listing made on the basis of exposure 
(railroad times highway traffic) as related to cost of 
elimination might also be included. The combination 
of these data in each State should point to certain cross- 
ings or groups of crossings that should be eliminated 
and to others that should ‘have some type of protection 
or at which better protection should be provided. 

oT gs. aN 
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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, 1932. 
5 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. 

Work of the Public Roads Administration, 1940. 

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. 

Part5 . . . 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. I9IMP. . 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. 10 cents. 

Transition Curves for Highways. 60 cents. 

Highways of History. 25 cents. 

Specifications for Construction of Roads and Bridges in National 
Forests and National Parks. | dollar. 

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 1.—Uniform Motor Vehicle Administration, Registration, 
Certificate of Title, and Antitheft Act. 

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

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

Act [V.—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. 




