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A STATISTICAL ANALYSIS OF HIGHWAY-RAILROAD 
GRADE-CROSSING ACCIDENTS IN 1926 

Reported by A. B. FLETCHER, Consulting Highway Engineer, and WILLIAM G. ELIOT, 3d, Associate Highway Economist, United States Bureau of Public Roads 

HE PROBLEM of the highway-railroad grade 
crossing, serious enough when the highways 
carried nothing faster than horse-drawn vehicles, 

and not very many of them, has become much more 
urgent since the advent of high-speed automotive 
trafic. Figures published by the Bureau of Statistics 
of the Interstate Commerce Commission show a rapid 
increase in grade-crossing fatalities in the United States, 
especially during the past 10 years. From a total of 
1,652 deaths at steam railroad grade crossings in 1916 
the annual toll increased to 2,491 in 1926.1. While this 
increase is by no means in proportion to the increased 
use of the highways, grade crossings, nevertheless, 
remain one of the most important hazards to traffic. 

CONCLUSIONS SUMMARIZED 

In the belief that the most intelligent program for 
erade-crossing safety depends upon a thorough knowl- 
edge of the existing conditions, the United States 
Bureau of Public Roads has recently completed a 
careful analysis of nearly 6,000 grade-crossing accidents 
as reported to the Interstate Commerce Commission 
by the steam railroads of the country during 1926. 
These reports are public records and are open to exami- 
nation without special arrangement with the commis- 
sion, though it is only fitting to state that the officials 
of its Bureau of Statistics evinced great interest in 
the work and gave special facilities for the study. 

Some of the more definite conclusions to which this 
study points may be summarized as follows: 

There is a real need for a series of intensive studies of 
individual grade-crossing accidents, as well as for more 
complete and accurate reporting of grade-crossing 
accident data in general. 

The hazard at grade crossings in rural areas is far 
more important than has heretofore been reported or 
understood. At least 16 per cent of all fatalities due 
to accidents on the rural highways of the country 
are attributable to the crossings of the railroads 
and highways at grade. 
A serious effort should be made to hasten the change 

of thousands of crossings from the ‘‘unprotected”’ to 
the “protected”’ class by the installation of suitable 
warning devices and continued attention given to the 
improvement of existing protection. 

Despite all external safeguards, it will be necessary 
by persistent and forceful publicity to keep in the minds 
of all highway users a realization of the hazards to 
which they are exposed as long as any considerable 
proportion of the 235,000 steam railroad grade cross- 
ings in the United States continue to exist. 

THE SOURCE OF DATA 

Under the act of Congress of May 6, 1910, each rail- 
road is required to report monthly to the Interstate 
Commerce Commission all accidents ‘‘arising from the 
operation of such railroad under such rules and regu- 
lations as may be prescribed by the said commission.” 

Under the rules of the commission effective January 1, 
1922, — 
a reportable accident is an accident arising from the operation 
of a railway that results in one or more of the following cireum- 
stances: 

(a) Damage to railway property amounting to more than 
$150, including the expense of clearing wreck * 3 

(b) Death of a person. 
(c) Injury to an employee sufficient to incapacitate him from 

performing his ordinary duties for more than three days in the 
aggregate during the 10 days immediately following the accident. 
This rule * * * does not apply to employees classed as 
passengers or trespassers. 

(d) Injury to a person other than an employee if the injury is 
sufficient, in the opinion of the reporting officer, to incapacitate 
the injured person from following his customary vocation or 
mode of life for a period of more than one day * * *, 

Tue RESULT oF A GRADE-CROSSING ACCIDENT 

In general, the reports cover— 

accidents at public highway grade crossings due to trains, loco- 
motives, or cars striking pedestrians or colliding with trolley 
cars, automobiles, or other vehicles, or objects other than hand 
cars or other railway tools or material * * ¥*, 

In the classification of accidents by the commission 
this has been extended to include such miscellaneous 
cases aS injuries to crossing flagmen when struck by 
highway vehicles, injuries to persons who have jumped 
from vehicles in anticipation of collisions which do not 
occur, and injuries resulting from the wrecking of 
highway vehicles in averting collisions with trains, 
when such accidents occur on the railroad right of way. 

Under the rules of the commission, ‘“‘Any person 
killed in an accident at the time of its occurrence, or 
so seriously injured as to die within 24 hours thereafter, 
should be reported as killed.’”’ All other personal 
casualties are listed as injured, even though death 
follows after a period of more than 24 hours. No 
attempt was made in this study to tabulate these 
later deaths, but the Interstate Commerce Commis- 
sion, as a result of a recent special analysis,’ reports 
that in addition to its published totals of deaths, there 
was a total of 205 of these subsequent ‘‘fatalities’’ from 
erade-crossing accidents in the entire country during 

1 See Accident Bulletin No. 94, Interstate Commerce Commission, p. 113. 
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1926. This amounts to an increase of 8 per cent over 
the commonly accepted and quoted figures. In the 
following study, however, the killed and injured are 
listed as reported by the railroads, without allowance 
for subsequent fatalities. 

The railroads are instructed to— 

state all material facts, including whether injured persons were 
pedestrians, occupants of trolley cars, automobiles, or other 
vehicles, riding bicycles or motor cycles, etc.; the nature of 
protection, if any, afforded at the crossing at the time of an 
accident; that is, whether crossing gates, watchman, audible or 
visual signals (not stationary signs), etc.; the kind of vehicle or 
object struck, and whether the view of crossing was obscured 
by buildings, trees, cars, or other objects. 

GREAT VARIETY OF ACCIDENTS REPORTED 

The reporting officers of the railroads differ widely 
in their interpretation of the phrase “material facts,” 
and often fail to supply some of the details specifically 
enumerated above. This may be partly due to the 
fear of encouraging litigation, despite the legal pro- 
vision that no accident report ‘“‘shall be admitted as 
evidence or used for any purpose in any suit or action 
for damages growing out of any matter mentioned in 
said report.’ Many of the reports are merely per- 
functory, but despite these limitations there is no 
comparable source for nation-wide grade-crossing 
accident facts. 

The Interstate Commerce Commission, through its 
Bureau of Statistics, has tabulated a considerable 
volume of data from these reports, including the casual- 
ties at grade crossings and whether the victims were 
trespassers at the time; the type of accident, whether 
involving pedestrian, passenger automobile, truck, 
etc.; and the type of protection afforded at the cross- 
ings for each type of accident. These appear in quar- 
terly reports and in the annual Accident Bulletin 
published by the commission. Certain of the analyses 
presented here are practically duplications of those 
previously made by the commission. For the most 
part, however, the study deals with what are believed 
to be new and hitherto unpublished data. 

The method followed in the present analysis included 
copying off of pertinent data, codifying these data 
wherever that had not already been done by the 
Interstate Commerce Commission, transferring them 
to punch cards, and finally tabulating them by machine. 
No attempt was made to secure accurate correspond- 
ence of final results with the figures published by the 
commission. The total of 5,808 accidents analyzed in 
this study falls short of the 5,890 tabulated by the 
Interstate Commerce Commission. The deficiency is 
principally accounted for by the fact that some of the 
reports were misclassified by the railroads, were not in 
their proper place in the files, and escaped the present 
tabulation. On the other hand, a few of the accidents 
included in the commission’s totals were found to be 
erroneously classified and were deliberately discarded. 
Various other differing judgments or minor errors in 
both tabulations make strict comparability impossible 
either as to number of accidents or as to details of 
those tabulated. 

The greatest conceivable variety of grade-crossing 
mishaps was found in these reports. Interspersed in 
the monotonous sequence of pedestrians, automobiles, 
and teams blundering on to crossings and being struck 
by trains that could not turn aside nor stop quickly 
were frequent unique combinations of circumstances 
and, occasionally, a note of near-comedy. In one case 

a helpful neighbor and several members of his family 
met death when the friend whose car they were towing 
applied his brakes suddenly and stalled the first car in 
the path of a fast train. In another case, it was an 
excited woman passenger who grabbed the emergency 
brake and stalled the automobile on the track. One 
driver, after stopping on the track, backed off safely 
but continued backing in a semicircle until he was once 
more in front of the train. 
A pedestrian standing close to the track was knocked 

down and injured when struck by the body of a switch- 
man who was riding the side of a car. In yet another 
case a passenger on a train was thrown down and hurt 
when the engineman applied the emergency brakes as a 
truck ran into the side of his engine. An unlucky 
farmer lost his life while “endeavoring to urge cow 
over crossing.’’ An intoxicated operator drove his car 
into the rear of another car waiting at the crossing and 
pushed it in front of an approaching train. Numerous 
cases were reported in which bystanders were struck 
by flying wreckage, sometimes with fatal results. 
Several persons lost their lives in futile attempts to 
push their stalled cars off the tracks. 

RURAL AND URBAN ACCIDENTS COMPARED 

One of the major questions in the minds of those 
responsible for this study was as to the distribution of 
accidents between rural and urban regions. It was 
believed that grade-crossing accidents would be found 
to constitute a much greater proportion of all traffic 
accidents on the country highways than on city streets, 
due to the differing traffic conditions. This conclusion 
was based on the assumptions, (1) that grade crossings 
in the cities are either eliminated or are better pro- 
tected than in the country, while both rail and high- 
way vehicles are moving at slower speeds; and (2) that 
because of the congestion of:vehicles and pedestrians 
on city streets, a majority of all traffic accidents occur 
in the cities and larger villages. 

According to the most recent estimate made by the 
National Safety Council, there were in 1926 approxi- 
mately 25,000 fatalities due to street and highway 
accidents of all kinds. Railroad grade-crossing acci- 
dents, according to the Interstate Commerce Com- 
mission figures, account for 2,491 of these, or 10 per 
cent. Analysis of these statistics to show urban and 
rural accidents separately involves further estimates, 
which can be made, it is believed, with sufficient accu- 
racy to be worth while. 

The proportion of urban and rural grade-crossing 
accidents was determined from an analysis of the 
individual grade-crossing accident reports. According 
to the name of the “nearest station” as reported by 
the railroad and the “distance and direction from 
station named,’’ with occasional assistance from other 
data given, the accidents were divided into two groups: 
(1), “Urban” occurring im incorporated places having a 
population (census of 1920) of 2,500 persons or more; 
and (2) “rural,” all others. This classification is 
in accord with the definitions of urban and rural 
population as made by the Bureau of the Census. It 
also corresponds approximately with the provisions of 
Federal-aid legislation, which states that Federal aid 
shall not be extended to highways within incorporated 
places having a population of 2,500 or more, except on 
“that portion of any such highway or street along 
which, within a distance of 1 mile, the houses average 
more than 200 feet apart.” | 
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It was not always possible to determine whether an 
accident happened outside or within the corporate 
limits of the place named, even when the distance from 
the station was stated. When the distance was not 
given, as was frequently the case, it was necessary to 
assume the location as at the station or very near it. 
It is probable that a considerable number of rural acci- 
dents were tabulated as urban because the nearest 
station was urban. It is recognized that for certain 
purposes it would be much more helpful to know 
whether an accident occurred under rural conditions 
(light traffic, absence of buildings adjacent to the track, 
etc.) or under urban conditions, than to know where it 
occurred in relation to a certain boundary line. But 
such a refinement was clearly impossible without a 
great deal of unsatisfactory correspondence or a per- 
sonal visit to the site of almost every accident, and 
would have raised difficult questions of definition. 

The result of the rural and urban classification was 
not quite according to expectations. The total number 
of accidents was almost exactly equally divided, there 
being 2,897 rural accidents and 2,907 urban accidents.® 
On the other hand, the rural accidents were clearly of a 
more serious nature. They resulted in 1,570 fatalities 
while urban accidents caused but 895. The number of 
persons injured shows less discrepancy. These figures 
are tabulated by States in Table 1. 

GRADE CROSSINGS RESPONSIBLE FOR 16 PER CENT OF RURAL 
HIGHWAY FATALITIES 

Statistics for other types of street and highway ac- 
cidents are scarce, but such evidence as we have seems 
to support the assumption that the majority of such 
accidents take place in urban regions. The Massa- 
chusetts motor vehicle department reports that out of 
669 fatal motor-vehicle accidents during the fiscal year 
1926, 394, or nearly 60 per cent, occurred in business 
districts or thickly settled residential districts. The 
New York State bureau of motor vehicles reports, for the 
months of June and July, 1927, but 1,440 motor-vehicle 
accidents, with 130 deaths, in localities of less than 
2,500 population as compared with 12,937 accidents 
and 314 deaths in places of more than 2,500 persons. 
This places more than 70 per cent of these fatalities in 
urban areas. 

It is possible that these highly urbanized States do 
not give a fair picture of the distribution of accidents 
in the country as a whole, but comparable statistics for 
the more rural States are not available. We do have, 
however, certain figures for the United States registra- 
tion area,‘ published by the Bureau of the Census. 
According to this source, there were in 1925 (the latest 
figures available) a total of 19,335 motor-vehicle fatali- 
ties (including automobile collisions with street cars 
and railroad trains) in the registration area, of which 
11,781, or 61 per cent, occurred in cities of over 10,000 
population. The corresponding ratio for 1924 (not, 
however, including collisions with heavier vehicles) was 
nearly 63 per cent. Unfortunately for the complete 
usefulness of these authoritative statistics, they indi- 
cate only the place where death occurred, regardless of 
the place where the fatal injuries may have been re- 

8 For four accidents the information given was inadequate for even a reasonable 
guess as to the place of occurrence. ; 

4 The registration area comprises those parts of the United States which meet, cer- 
tain standards in the reporting of mortality statistics. During 1925 it included 40 
States and 25 cities outside those States (including the District of Columbia), repre- 
ate et cent of the area and 89.4 per cent of the population of the continental 

nited States. 

ceived. It frequently happens that injured persons are 
brought to city hospitals after receiving injuries at 
points outside of the city—so frequently that the Bu- 
reau of the Census has felt it necessary to recognize the 
fact in its automobile accident-mortality reports for the 
larger cities, listing separately, so far as obtainable, the 

A Crossing Protrectep By LOWERED GATES 

TasiE 1.—Rural and urban grade-crossing accidents and personal 
casualties by States, 1926 
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Total! Rural Urban 

Stat N | P N | P N P ate um- er- um- | Per- ; Num-| p er- 
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Ohi0me ne seee 541 260 | 600 220 SOM ese 7 Ne O20.) 30) 372 
Wilinoisvse. eases 516 237 570 221 136 233 294 101 336 
New Yorke =o 2. 412 204 | 448 210 115 231 202 89 217 
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New Jersey wy 164 81} 1738 93 Aa LOONIE Verve teemoe 73 
Florida___ 156 69 | 186 95 57 109 | 60 12 76 
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Alabama. Pes 136 41| 199 68 ZENE. 10k 68 S17 98 
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Maryland__------- 50 24 57 31 20 36 19 4 21 
Massachusetts - --- 50 17 58 27 12 | 27 23 5 3 
West Virginia_---- 46 22 56 33 20 35 13 2 21 
North Dakota - --- 30 11 32 23 10 | 24 a 1 8 
Oregon sss... - 29 15 28 15 11 15 14 4 13 
Wermont2222204-—2 25 11 35 21 10 32 4 1 3 
Connecticut - -- - -- 22 13 29 12 8 24 10 5 5 
Montana. =-=---- 22 7 27 15 7 12 7 0 15 
South Dakota__--- 19 if 20 16 6 16 3 1 4 
Delaware- - .------ 15 21 16 11 20 12 4 1 4 
WValnesee= 2. e ee 15 3 15 14 3 | 14 1 0 1 
ATIZON See] sae 14 5 14 6 4 5 8 1 9 
Witali meee sce 14 7 25 9 Tal 15 5 0 10 
ldahoeeass sess 11 4 10 6 4 5 5 0 5 
New Hampshire - - 11 5 16 6 5 8 5 0 8 
New Mexico- ----- 9 3 16 8 Sf) le 1 0 3 
Rhode Island - ---- 3 i 2 1 0 | 2 2 1 0 
District of Co- | 
lwimpisg=ses-e= = 2 2 1 0 0 0 2 2 1 

INevadarseee 222 1 0 1 0 0 | 0 1 0 1 
WiyOmlinge a. } 1 0 1 1 0 1 0 0 0 

Motaleeee sae 5, 808 | 2,465 | 6,907 | 2,897 | 1,570 | 3,306 | 2,907 895 | 3, 597 

1 Total includes four accidents unclassified as to rural or urban locality. 
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total accidental deaths for each city and the deaths re- 
sulting from accidents which happened within the city. 
For the 52 weeks ended November 5, 1927, out of 5,674 
deaths reported from 61 of the larger cities, 751 were 
the result of accidents occurring elsewhere, though not 
necessarily in rural districts. : 

Offsetting in some degree this possible 13 per cent 
error in the statistics for urban fatalities is the fact that 
in its mortality statistics the Bureau of the Census 
treats all localities of less than 10,000 population as 
rural, whereas in its population studies, and in this 
discussion, the line is drawn at 2,500. Cities of 10,000 
and over in the United States include but 42.3 per cent 
of the entire population, while cities and villages of 
between 2,500 and 10,000 include 9 per cent. If 
fatality figures were available separately for the smaller 
incorporated localities the urban total would be con- 
siderably increased. 

It therefore appears justifiable to estimate that of all 
street and highway fatalities, approximately 40 per cent, 

A TyrvpicaL RuRAL CrossiIne 

or 10,000,° in,1926 occurred inrural areas. As shown in 
Table 1, some 1,570 grade-crossing fatalities occurred 
in rural regions. On this basis, rural grade crossings 
are responsible for 16 per cent of all rural highway 
fatalities. 

Two further considerations support the belief that 
this estimate of 16 per cent is conservative: 

(1) As previously stated, the actual number of 
deaths from grade-crossing accidents includes approxi- 
mately 8 per cent additional subsequent fatalities. 

(2) The grade-crossing accident statistics quoted 
are only those for the steam railroads of the country. 
During 1926 there were also 237 persons killed at 
crossings by the electric railroads which report to the 
Interstate Commerce Commission. While it is prob- 
able that the proportion of urban accidents on these 
roads is higher than for the steam roads, a considerable 
number of these fatalities should properly be included 
in the rural grade-crossing total. 

TYPES OF GRADE-CROSSING ACCIDENTS 

Of the accidents analyzed in this study, by far the 
greater number involve passenger automobiles, as might 
be expected in view of the large predominance of such 
vehicles. Table 2 shows the number of accidents 
according to type, together with the number of personal 
casualties for each type: 

5 Based on estimate of National Safety Council of 25,000 in 1926, 

TABLE 2.—Grade-crossing accidents by type, and personal 
casualties, 1926 

Total! Rural Urban 

uh f accident beri Pep. Ist | Per- |Num-| Pe ype of acciden Num-} _ | Per- |Num-) 2 r- |} - , T- 
ber of | Per sons ber of | ies sons ber of Per sons 
acci- |). | in- | acci- |,*. in- | acci- >. in- 
dents killed jared dents ae jured dents killed jured 

= — | | (=a - 

Accident involving— | | | | 
Passenger automobile 4, 035 1,742 ‘5, 290 \2, 122 |1, 206 |2,621 1,910 | 536 | 2, 666 
Automobile truck....| 880 284 | 916 | 468) 189] 457| 411/ 95) 458 
Bd eStrisi sss es se ; 535 301 | - 251 157 | .104 59} 378| 197| 192 
Animal-drawn vehicle 152 48 | 124 86 | 34 61 66) 14] 63 
TONG ViCa ae eee sa 35 1} 149 4 | 0 20 31 T || 429 
Automobile bus__---- | 30 19 SOAS 17. 4 19 53 13 0 | 36 
Motorcycles: = =22—4=) 117 10; 12] 6 | 3 4 Lt 7 8 
IBICY ClO eee ee 10 8 | 2; 1 | 1 0 9 if 2 
Other vehicle__-_---- [el 2 3: legal 6 6 1 8 
Miscellaneous-_------- | 102 49 60 30) 12 25 72 37 35 

otaleee 2 oes 5, 808 2,465 6, 907 

1 Total includes four accidents unclassified as to rural or urban locality. 

2, 897 |1, 570 |3,306 2,907 | 895 | 3, 597 
| | 

The differing significance of rural and urban accidents 
becomes still more apparent when the accidents are 
thus classified by type, and the inadequacy of mere 
numbers of accidents as a measure of grade crossing 
danger is plain. Deaths for each important type of 
accident in rural localities are practically double those 
for urban localities, with the exception of those involy- 
ing automobile buses, pedestrians and those classed as 
miscellaneous. In the first-named group all the fatali- 
ties occurred in rural accidents, while for the last two 
types urban accidents predominate. ‘The number of 
nonfatal injuries is approximately the same for rural 
and urban accidents in each class except trolley-car 
and pedestrian accidents. The lower fatality rate in 
vehicular accidents in urban areas may be attributed, 
among other things, to the slower speed of both trains 
and highway vehicles. 

The total number of persons killed and injured in 
practically every group exceeds the number of accidents 
in that group for the reason that many of the accidents 
result in plural casualties. Even among the pedestrian 
accidents there were frequent cases in which two or 
more persons went upon the track at the same time 
and were struck by the same train, the several casual- 
ties being included in a single accident report. 

GRADE CROSSINGS PROTECTED BY VARIOUS DEVICES 

A casual study of grade-crossing accidents makes it 
evident that no sort of crossing protection can guarantee 
safety to certain sorts of people, nor even, under 
particular combinations of circumstances, to careful 
users of the highways. Many grade crossings have been 
eliminated in recent years from the more important 
highways either by separation of grade or by relocation 
of one or both of the rights of way. This remedy is 
too expensive to be applied everywhere, and it is 
necessary to resort to various degrees of protection. 

The most positive form consists of gates, operated 
by a watchman on the crossing or in a near-by tower, 
these gates closing the highway on both sides of the 
crossing when a train is about to pass. When the gates 
are down the railroad right of way is fenced off from 
the public, and highway travelers injured in crossing 
accidents at such times are classed by the railroads 
and by the Interstate Commerce Commission as 
trespassers. The gates may be operated at all times, 
or only during certain hours when it is believed that 
the volume of traffic requires them. 
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Next in order is the crossing flagman, who stands on 
the crossing with a sign or a lantern and stops traffic 
during train movements. He, like the gateman, may 
be on duty all or only a part of the 24 hours. 

Audible and visual signals are those which, on the 
approach of a train, sound a bell or other audible signal 
and further attract attention by a flashing or swinging 
light or moving sign. They are commonly operated 
automatically by train movement, like railroad block 
signals, though, occasionally, manual operation is 
depended upon. 

Crossing bells are also used without a supplementary 
visual signal (1. e., no lights or moving signal operated 
by train movement), while visual signals are similarly 
found without audible accompaniment. 

Finally, there are fixed signs, which only call atten- 
tion to the existence of the crossing, and give no special 
notice of the approach of trains. Crossings marked by 
fixed signs only are classed by the Interstate Commerce 
Commission as ‘‘ unprotected,”’ and have been so treated 
in the present study. The fixed sign may be the familiar 
cross arm or its equivalent, at the side of the road, or 
it may be some special device such as an overhead sign, 
a sign placed on an island in the middle of the road, an 
approach sign placed along the road some distance from 
the crossing, or a sign painted on the highway surface. 

A VILLAGE Crossing ProtecTtED By AUDIBLE (BELL) 
SIGNAL AND STANDARD SIGN 

MAJORITY OF ACCIDENTS OCCUR AT UNPROTECTED CROSSINGS 

In this study the analysis of type of protection is 
carried farther than in that of the Interstate Commerce 
Commission, since the kind of protection recorded for 
each crossing is the highest type normally to be found 
at that crossing, regardless of its temporary discon- 
tinuance for whatever cause. If, for example, an 
accident occurred at a certain crossing at 11.30 p. m., 
after the gate operator had gone off duty, that crossing 
is here tabulated as protected by gates, with the added 
notation that the gate operator was off duty at the 
time. Similar treatment is given where gates were 
reported as out of order, where a flagman was negligent 
though supposed to be on duty, or where an automatic 
signal failed to operate. All accidents occurring under 
such circumstances appear in the reports published by 
the Interstate Commerce Commission as having taken 
place at unprotected crossings. On the other hand, it 
frequently happens that under the rules of some rail- 
roads, irregular switching movements are protected by 
members of the switching crews at crossings otherwise 
unprotected at the time. In the tabulation here made, 
and in the reports of the Interstate Commerce Com- 
mission, such crossings are reported as protected by 

PUBLIC mse 
watchmen, even though the regular watchman may be 
off duty at the time or there may be normally some 
other type, or no type of protection. 

Table 3 shows the frequency of accidents occurring 
under each type of protection for both rural and urban 
localities. The great majority of accidents take place 
at unprotected crossings and it is probable that most 
of those under the heading ‘‘Not stated” are also in 
this category. 

A Crossing WATCHMAN ON THE JOB 

TaBLE 3.—Type of protection at grade crossings where accidents 
occurred in 1926 

Total ! | Rural | Urban 
| . as - -| : = 

} | 

Type of protection |Num-| bre | Per- |Num-|-p,,. | Per- |Num-| Pore (eecte 
|ber of | (ong | Sons |berof| (7, | sons ber of| (“* | sons : ses ; : =| SOUS: jas 
| acci- yineg| iM- || acci- rinieg .in- | acci- ingq | .in- 
\dents | jured dents jured dents jured 

—4) = = - | = — —~ 

(GALeS secs oos = weet 412 | 162 | 457 60 31} 85 | 352 | 1381 372 
Wiatchinan=ss: 2. sss se 735 | 236) 914) 155 69 | 183] 580] 167 731 
Audible and visual sig- | | 

TASER see ek Se 220 147 260 115 84 137 | 105 63 123 
Audible Signalss=_ =. -.-.- 366 197 414 | 206 138 | 203 160 59 211 
WVisualisignalss° 22) Se Se) 277 | 123 | 287) 1389 | 82} 1386) 138 41 151 
Wiriprovectedss2-~— 2a 2,440 1,101 |2,919 (1, 447 810 1,652 | 991 291 | 1, 265 
NOE: Stale ee > sone Joe 1, 358 499 1,656 | 775 356 | 910 | 581 143 744 

AMO} A UG ee ee eae 5,808 2,465 6,907 |2, 897 |1, 570 3, 306 l2, 907 | 895 | 3,597 
| } | | 

1 Total includes four accidents not classified as to rural or urban locality. 

Most of the higher types of protection, namely, the 
gates and watchmen, are in urban localities, while 
unprotected crossings greatly predominate in the rural 
accidents. According to figures supplied by the Inter- 
state Commerce Commission, the 235,158 railroad grade 
crossings on Class I steam railroads® in the United 
States are protected as shown in Table 4. 

NUMBER OF ACCIDENTS NOT A MEASURE OF EFFICIENCY OF 
PROTECTION 

A comparison of Tables 3 and 4 reveals that while 
less than 3 per cent of the crossings are protected by 
gates for all or part of the day, 7 per cent of the ac- 
cidents and almost the same proportion of the fatalities 
occurred at such crossings. Slightly more than 3 per 
cent of the crossings are protected by watchmen, but 
nearly 13 per cent of the accidents and nearly 10 per 
cent of the fatalities are found at these crossings. 
This disproportionate number of accidents and fatali- 
ties at crossings having the higher types of protection 
is not to be taken as an indication of the ineffectiveness 

6 These totals would be little changed by the inclusion of grade crossings on rail 
roads other than Class I carriers. 
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TasiE 4.—Kind of protection at highway grade crossings on 
Class I steam railroads in the United States, 1926 

+ 

TABLE 6.—Types of accidents occurring at crossings protected by 
lowered gates, 1926 

{ 

Number | Number Number 
ms ; at begin-| added elimi- | Number 
Kind of protection . A nated | at end of ning of | during during year 

year year year I 

| 

Gates, with or without other protection, 
operated 24 hours per day-------------- 3, 400 134 187 3, 347 

Gates, with or without other protection, 
operated less than 24 hours per day----- 2, 986 69 232 2, 823 

Watchmen, alone or with protection other 
than gates, on duty 24 hours per day--- 1, 263 130 90 1, 303 

Watchmen, alone or with protection other 
than gates, on duty less than 24 hours 
DOP As Vasese= eee vente cena eee 6, 672 198 408 6, 462 

Both audible and visual signals, without 
OUNOr DLOTECh Osan ase se sear e eee ee 5, 619 959 119 6, 459 

Audible signals only ese eee eee 5, 732 80 485 lis BP 
Visual signals only | 1,613) | 685 92 2, 206 
Special fixed signs or barriers, v | 

out standard fixed signs 26, 247 38, 6384 515 29, 366 
Standard fixed signs only...-.-----.------ 176, 101 38, 358 6, 205 173, 254 
Otherwise unprotected. --._---_..-_------ 4, 068 | 949 | 406 4, 611 

Protecteds. 3. cc eens See 5 eee 27, 285 2, 255 1, 613 27, 927 
Unprotected-_------- pete Se eenk Sees ates | 206, 416 7, 941 7, 126 207, 231 

Totalice Fis eee eo ee See 233, 701 10, 196 18,739 235, 158 

1 Total includes 195 crossings eliminated by separation of grades. 

of such protection. The hazard at any given crossing 
may be said to be measured roughly by the product of 
the total highway traffic by the total train movement, 
although numerous other variables such as topography, 
highway surface, and speed also play a part. The 
value of any safeguard must be judged by the number 
of accidents which are prevented rather than by the 
number which happen in spite of it. Data of a suffi- 
ciently general nature for use in drawing statistical 
conclusions as to the relative merits of types of crossing 
protection are as yet not available. 

Of the 412 accidents and 162 fatalities which occurred 
at crossings protected by gates, 58 accidents, with 22 
fatalities, occurred during hours when the gate operator 
was off duty. One hundred and six accidents, with 31 
fatalities, occurred when the operator was on duty but 
failed for one reason or another to have the gates 
lowered at the proper time, while 220 accidents, with 
98 fatalities, occurred in spite of properly lowered 
gates. These figures are shown in detail in Table 5. 

TABLE 5.—Operation of crossing gates at crossings where accidents 
occurred, 1926 

Number 
- : : Persons | Persons 
Operation of gates of acci- ‘ ae 

gents killed injured 

eee | 

Gates functioning properlya--2---4-2- --- ee eee | 220 98 169 
Gateman off duty at hour of accident____-.----____- 58 22 86 
Gateman on duty but failed to have gates lowered __| 95 29 144 
Gates out of order! 2 22 5_22s-2 a eee | 11 2 ily 
Insufficient information and miscellaneous---______- 28 11 41 

Total. 22 oooh pee ee os Se | 412 162 457 
| 

Accidents occuring despite lowered crossing gates 
were due, with rare exceptions, to vehicles crashing 
into or through the gates, or pedestrians passing around 
or under them. ‘Table 6 shows this group in detail. 

It will be noted that over half the accidents and more 
than three-fourths of the fatalities involved pedestrians. 
Four accidents, with two fatalities, were the result of 
pedestrians trying to climb between or over cars. In 
view of the common assertions as to the frequency with 
which crossing gates are wrecked by motorists, it is 
of interest to discover that, according to these records, 
few reportable accidents result. Either the usual 

Number 
: . Persons | Persons 

Type of accident he Tanled injured 

Collision with passenger automobile___------_------- 67 15 92 
Collision; with automobile truck 2222s eesne seen 7 3 6 
Pedestrian accident. 2. 2t2-t .--..aeeene eee eee 137 76 65 
Miscellaneous 2s se22a6... -:.. ._ See eee 9 4 6 

Total eaeeee ees oc. 22 -_. eee err 220 98 169 

statements are exaggerated or the resulting casualties 
are of too minor a nature to come under the reporting 
rules. Only 74 accidents and 18 fatalities are attrib- 
uted to motor vehicles at crossings protected by 
lowered gates. 

At crossings protected by watchmen there were 735 
accidents and 236 fatalities, of which 130 accidents 
with 50 deaths occurred during hours when the watch- 
man was off duty. Fifty-four accidents with 32 
fatalities were attributable to negligence on the part 
of the watchman, including 5 cases in which the watch- 
man himself was the victim of a train while on duty. 
In 504 accidents, taking a toll of 140 lives, the watch- 
man was reported as properly at his post of duty on the 
highway. Apparently there is sometimes confusion 
as to the signals given by watchmen to highway 
travelers, as in a number of instances cars were driven 
on to the crossing under a mistaken impression that a 
proceed signal was given. This is especially apt to 
happen when the watchman is a member of a train. 
crew and is giving signals to his engineman. On the 
other hand, the watchman is more often completely 
ignored. Instances were reported in which the watch- 
man was struck by an automobile, or had the lantern 
knocked out of his hand. One watchman threw his 
lantern at an approaching car in a last futile effort to 
bring it to a safe stop. . 

INTERMITTENT CROSSING PROTECTION GIVES FALSE SENSE OF 
SECURITY 

It should be stated that the absence of the gate 
operator or watchman does not in every case leave the 
crossing unprotected. Bells or visual signals are fre- 
quently in. operation during such hours. Where a 
gateman or watchman is on duty only a portion of the 
day, it is customary to post a sign at the crossing 
indicating the hours during which he is not present. 
These signs are not always sufficiently conspicuous or 
legible, and even at best, the person who is familiar 
with a crossing does not stop to read them or to consult 
his watch each time he passes. Numerous accidents 
were noted which occurred within a few minutes after 
the gateman or watchman went off duty, or just before 
he arrived on duty. One instance was reported from 
Arizona in which the motor-vehicle driver was a 
Chinaman and unable to read the sign which stated 
that the crossing was unprotected at that hour. 

Despite various safeguards, it appears that inter- 
mittent protection introduces certain dangers. In the 
report of the committee on grade-crossing design, 
protection, and elimination, of the American Railway 
Engineering Association, December, 1926, this state- 
ment is made: 

Where gates are in service for less than 24 hours and not in 
service when there is traffic on the railway, the protection is 
not satisfactory in that it conveys a false sense of security to 
those using the crossing and may result in serious injury. 
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The automatic signals of the audible or visual type 
appear to be highly dependable in their operation, and 
there seems to be no reason why they should not be 
as reliable as the block signals which control train 
operation. Only 12 cases were found in which they 
were reported as being out of order. A most serious 
criticism of such signals, however, is that they will 
continue to operate as long as there is a train inside 
the circuit. Where switching is being done in the 
vicinity it is not uncommon for the bell or other signal 
to operate continuously for long periods, despite the 
fact that no train moves over the crossing. At such 
crossings the stranger is perplexed and the local citizen 
soon begins to ignore the warnings. 

SPEED OF TRAINS 

The higher fatality rate in rural accidents appears 
to be correlated with the higher speed of trains in 
rural areas. The higher average speed and relatively 
greater damage done in rural accidents is clearly shown 
in Table 7. 

TABLE 7.—Speed of train, number of accidents, and casualties at 
grade crossings, 1926 

Total ! Rural Urban 

Speed of train 
. - | - J - - - 

(miles per hour) Num Per- | dee one Per- bar hae Per- av 
; sons sons - | sons S acci- ielled in- accl- killed in- acci- lined in- 

dents jured | dents jured | dents jured 
| | 

0 (standing) 18 334 | 99 12 159 95 6 174 
sto 423 S225. 2 Ee | 59 645 | 128 9 178 381 50 467 
Wi ee tee ee 131 | 1,425 245 36 380 736 95 | 1,045 
10 to 19__- : 378 | 1, 858 613 166 789 841 212 | 1,068 
20 to 29___ 462 | 1,206 606 284 733 407 178 472 
30 to 39___ 550. 647 §21 391 488 190 159 158 
40 to 49___ ee 454 387 360 336 3809 119 118 78 
DUWCO 09 ere ses 266 286 | 194 223 241 167 43 45 27 
60 and over____---- 84 101 65 65 87 55 19 14 10 
Not reported_----- 113 26 | 146 | 37 8 48 76 18 98 

Notalasos--= 5, 808 | 2,465 | 6,907 | 2,897 | 1,570 | 3,306 | 2,907 | 895 | 3, 597 

1 Total includes four accidents not classified as to rural or urban locality. 

The 195 accidents occurring when trains were stand- 
ing still are accounted for principally by collisions of 
motor vehicles with stationary trains or cars. There 
were six cases of persons climbing between or over 
standing cars, resulting in no fatalities but in injuries 
usually caused by unexpected motion of the cars when 
the train was coupled on to or started. Perhaps these 
should not be classed among standing-train accidents. 
One automobile bus and three trolley cars collided with 
standing trains, all in urban territory, with no fatalities 
but with 25 personal injuries. Collisions involving 
passenger automobiles alone and the casualties for each 
speed are shown in Table 8. 

Chance of survival shows a steady decrease as the 
speed of the train increases above 10 miles an hour. 
The slightly higher mortality rate for the very slowest 
train movement is probably explained by the high 
proportion of automobiles running into trains in the 
low-speed groups. It is usually the reckless and high- 
speed driver who suffers from this type of accident, 
and what the train lacks in momentum, he supplies. 

Pedestrian accidents usually occur near stations or 
in yards where switching is being done on multiple 
tracks. This is reflected in the speed of trains involved 
in such accidents. Excluding those accidents due to 
persons climbing between or over cars, the pedestrian 
accidents and speed of trains are shown in Table 9. 
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TABLE 8.—Speed of train, accidents, and casualties for collisions 
involving passenger automobiles, 1926 

. 

| | Persons killed 
; k | Number |__ 

Speed of train (miles per hour) | ofacci- | 

Persons injured 

dents Per acci- Per acci- 
Total Want Total dent 

Oxstsindin gs eee se. Fae Wee 172 | 17 0. 10 284 1. 65 
Isto Acasa eee aes 8 kD 334 29 | .09 459 1. 37 
AKON) cae ee ne OO coe 666 | 61 | .08 1,070 1. 61 
GSC OPLO are see oe BP, 985 234 | . 24 1, 418 1. 44 
POM Ol 20 Beene eee es oe A A] 715 341 | 48 942 1.32 
OMRON 0 ag) ee ee al 510 422 . 83 516 1.01 
CAO Wye ee Oe eee een 335 347 1.04 294 88 
OUT Ce Ly pee et ae Re oe Ad © 188 | 219 | 1.16 146 78 
GOlandioverwe asec te ee oe 58 70 | 1 Bp Al 54 93 
INotireported saec tee eet 72 | 12 eli 107 1.49 

ANT apoeds: <a deieet cc: | 4,035 1, 742 | .43 5, 287 | 1.31 
| | 

TABLE 9.—Showing speed of train, accidents, and casualties 
involving pedestrians, 1926 

| | 

pe ee (Num) po] Perel ‘Num- Pan] 5a 
Speed of train (miles |ber of Sey | SOBRE Speed of train (miles | ber of ¢ 7 | sons 

per hour) acci- licilled| in- | per hour) acci- killed in- 
dents’ “| jured | | dents! °° jured 

8 Fe ee en oe Sea si (eee 34 |. ji, ees 
| 

ON(Stati city 2) eee 1] | 0 | 1 ! 4070:49 2o eee 41 39 4 
it Ou eee 56 16 AD AIP OOLUGIO0 see wena ee | 19 17 5 
Det ONO eames emt era 117| 49 73 || 60 and over___..._-_- 5 4 1 
LOGO) 1925 ee 150 | 80 72 || Not reported____.__- 13 | 7 6 
20 TOW20 aoe ae ee 69 | 46 24 | 
SOTO Osaka ee 41 38 5 All speeds---_- 512) 1) 206 233 

| | ! 

11 pedestrian injured himself by stumbling against a standing train, 

A Crossing Wirth AN UnusuaLuy Restricrep VIEW, 
ProtecteD By AUDIBLE AND VISUAL SIGNALS—BELL 
AND SWINGING DISK 

GRADE-CROSSING ACCIDENTS VARY WITH SEASON OF YEAR 

There is a marked seasonal variation in grade-cross- 
ing accidents as shown in Table 10 and Figure 1. Sur- 
veys made by the Bureau of Public Roads on the high- 
ways of several eastern States have shown August to 
be the month of maximum traffic. Nevertheless, rural 
erade-crossing accidents do not reach their peak until 
October, and urban accidents until November, with a 
marked peak in November for both combined. For 
fatalities the maximum is reached in October. The 
only reasonable explanation of this condition appears 
to be that people are slow in adjusting their walking 
and driving habits to meet the inclement winter weather. 
Slippery roads, side curtains or frosty windows, rainy 
windshields, early darkness, umbrellas—these and other 
factors doubtless play their part. 
A relative increase in recent years in the number of 

grade-crossing casualties occurring during the late fall 
months is perhaps due to improved roads, the more 
general use of closed cars and the consequent increasing 
volume of winter traffic. The figures published by the 
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TasiE 10.—Grade crossing accidents and personal casualties by 
months, 1926 

| Total 1 Rural Urban 

| is 7 aie a 
Month | Num- Per- | Num- _ | Per- | Num-| _ | Per- 

| ber of | Per- sons | ber of Per sons | ber of | Per- | sons 
; sons : : sons ; aca ESODSUIes 

| acel- laened | 222, | Seed eile ya tees cleinedly 
| dents ™ | jured | dents jured | dents jured 

VARUST yao see case | eke 178 611 208 98 248 236 80 263 
February --------- 436 163 519 195 105 216 241 58 303 
Marehs 522 aune 435 170 517 219 118 230 216 | 52 287 
Aprile 22. evans e- oe 409 152 473 208 101 208 200 | 51 264 
IMIR. oe sae ecto 432 186 532 205 113 240 227 73 292 
WUNGs. Ss eeceeeon 436 204 502 229 131 264 206 73 237 
Titl Vou. a tee eee 414 | 222 527 225 135 306 189 87 221 
AUCUSUs oo 25 Lee oe. 441 187 516 236 128 247 204} 59 268 
September. -_----- | 463] 214 557 257 146 314 206 68 243 
October o--- 222 624 287 736 318 185 363 805 102 372 
Novemher__------ | 666} 255 813 312 154 370 354 101 443 
Decemper...------| 608 | 247 704 285 | 156 300 323 91 404 

| | = 

otal eee 5, 808 | 2,465 | 6,907 | 2,897 | 1,570 | 3,306 | 2,907 | 895 | 3, 597 

1 Total includes four accidents not classified as to rural or urban Jocality. 
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Interstate Commerce Commission show August as the 
month of maximum fatalities in 1921, 1922, and 1923, 
November in 1924, and October in 1925 and 1926. 
For fatal and nonfatal injuries combined, the peak was 
reached during October in 1921 and 1922, during 
November in 1923, 1924, and 1926, and during Decem- 
ber in 1926.’ 

GRADE-CROSSING ACCIDENTS BY DAYS OF THE WEEK 

Most persons, if told that fewer grade-crossing 
accidents occur on Sunday than on any other day, would 
express considerable surprise. Such is the fact, how- 
ever, as revealed by this study. In number of accidents 
Saturday is far ahead of any other day.’ The statistics 
for grade-crossing fatalities, however, are considered 
more significant than those for number of accidents, 
and these tell a different story. In fatalities Sunday 
heads the list, with Saturday only a close second. The 
mortality per accident, therefore, reaches its peak on 
Sunday. This is the day when the whole family and 
some of the neighbors crowd into the car for a trip out 
into the country. The newspapers on Monday morning 
frequently report the deaths of entire families at grade 
crossings. 

7 See Accident Bulletin No. 94, Bureau of Statistics, Interstate Commerce Com- 
mission, p. 18. 

8In New York State during 1926, according to the report of the State bureau of 
motor vehicles, the maximum number of all types of motor vehicle accidents and 
fatalities occurred on Saturday, with Sunday in second place. 

The number of grade-crossing accidents and personal 
casualties by days of the week are shown in Table 11 
and Figure 2. 

Tasue 11.—Grade-crossing accidents and personal casualties by 
days of the week, 1926 

Total! Rural Urban 

| 
Da Num- Per- | Num- | Per-. | Num- | Ber- 
ci ber of Per- sons | ber of Per- sons | ber of Per sons : sons ; : sons ; soll SOUS: [53 

paeelen) riled gees QPCCE Peedi Gon adle<. ac nui eteceas 
| dents jured | dents jured | dents jured 

SUNGaAye2 so sese | 713 454 | 1,029 379 314 506 334 140 523 
INMOnGS y= ee esse! 825 325 919 409 205 452 415 120 466 
Muesdayae oso esse | 842 309 948 408 181 437 433 | 128 510 
Wednesday -_------ 833 295 964 415 194 471 418 | 101 493 
Pehursd aye eee 776 279 850 382 172 392 393 107 457 
rida yee Sree | 842 355 942 416 215 479 426 140 516 
Saturd ave seoenee ss 976 448 | 1, 200 487 289 568 488 | 159 632 

POU aeons 5,807 | 2,465 | 6,852 | 2,896 | 1,570 | 3,305 | 2,907 | 895 | 3, 597 

1 Total includes four accidents unclassified as to rural or urban locality. 
2 Does not include one rural accident for which exact date was not reported. 
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Fig. 2.—GRaADE-CROSSING ACCIDENTS AND FATALITIES By 
Days oF THE WEEK, 1926 

The heavy toll on pleasure driving is shown even 
more emphatically in the figures for rural grade-crossing 
accidents involving passenger vehicles in the summer 
months, in Table 12 and Figure 3. During September 
and October there were twice as many fatalities on 
Sunday as on any other day. 

TaBLe 12.—Rural grade-crossing accidents and fatalities for 
passenger automobiles by days of the week during the summer 
months, 1926 

6 months, May to | 2 months, Septem- 
October, inclusive | ber and October 

Day ==> = ar 

Number | persons | Number | persons 
of acci- killed of acci- killed 
dents dents 

UN Cay fo seoee Berea eS 181 190 80 97 
IMonGayaseise soa eee te ee 137 70 44 15 
Tuesdays -c2 Sheen os als aac 3 Se 138 62 50 24 
WW Odnesds yateene Soe as een ee 144 71 50 28 
Drs Gaye ee aoe Sele eS _- ae 137 69 57 _ 31 
Eri day ee ee aer ee we es ee 146 73 60 26 
DaUirGa yee te eee ee. ee 195 119 76 44 

Ota eee eee hen So: | 1, 078 654 417 265 
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Fig. 3.— RURAL GRADE-CROSSING ACCIDENTS AND FATALITIES 
FOR PASSENGER AUTOMOBILES By Days oF THE WEEK 
Dvurine THE SUMMER Montus, 1926 

The severity of these Sunday accidents is apparent 
from the fact that the number of deaths exceeds the 
number of accidents. While these average more than 
one fatality per accident, passenger-automobile grade- 
crossing accidents throughout the year average less 
than 1 fatality for every two accidents.° 

GRADE-CROSSING ACCIDENTS BY HOURS 

Published accident statistics show that the danger- 
ous hour in traffic comes in the late afternoon when a 
presumably fatigued populace is hastening home from 
work. Such figures, however, are predominantly from 
city reports or from the more urban States, rural acci- 
dent reporting being as yet in a feeble but not unpromis- 
ing infancy. It may, therefore, be significant that 
while grade-crossing accidents in general, and urban 
grade-crossing accidents in particular, reach a peak 
during the hour between 5 and 6 p. m., rural grade- 
crossing accidents reach their peak between 3 and 4 
p.m. The figures are given in Table 13, and shown 
graphically in Figure 4. 

TaBLE 13.—Grade-crossing accidents and personal casualties by 
hours, 1926 ; 

Total ! Rural Urban 

Hour Num- Per- | Num- Per- | Num- Per- 
- | ber of A et- | sons | ber of | Pt | sons | ber of | P& | sons : ons : : sons : eESONSalae- 

Agen ANGG | gg | Gores | Killed beac anh vay [Kod 5: 
dents jured | dents jured | dents jured 

12 OeL 84M =o 1 ilkeyss 47 231 55 19 64 100 28 167 
HtOre asell= ae eon 112 25 174 44 16 65 68 9 109 
ARG Qc 15, a6 0 ee ges 73 16 103 26 5 38 47 11 65 
SIL Oe: spr: ey 6 ete a 61 12 84 21 4 27 40 8 57 
AN Ol Aelia eae 58 24 65 21 6 24 Bye 18 41 
DicOlG 9, = ase 100 29 118 36 15 38 64 14 80 
Gilles Mesa ee 211 70 254 | 81 37 92 130 33 162 
MLVOLS Ola eee = 260 92 284 137 62 160 123 30 124 
SiGOO Ay Mees sae! 271 119 287} 152 81 167 119 38 120 
OE On Oa adnteeeen 288 131 286 166 84 171 121 47 114 
TO COMA meee 329 139 335 | 192 102 181 137 37 154 
1G A coi BAS 1 6 eee 332 161 368 202 129 217 130 32 151 
L2OV Ds Wien oe 318 152 367 177 106 192 141 46 175 
INGOl2 DUC ee == ae 290 136 315 156 89 165 133 47 149 
DON Mee eee 326 179 341 | 195 138 202 131 41 139 
ss Taso): Mra ou oo = 2 ee 373 199 395 241 150 | 258 132 49 137 
40016) D-ileess es 349 187 385 192 134 | 202 157 53 183 
140 FO iN Ue Od Pam ae 410 205 463 183 87 224 227 118 239 
S:t07 Dede ee 341 141 396 161 90 191 180 51 205 
7to8p.m s 282 115 350 123 64 148 159 51 202 
8to9p.m 231 70 354 89 ai DAL 142 35 233 
9 to 10 p. 210 62 311 90 42 134 119 20 176 
10 to 1l p. 223 74 316 72 42 94 150 32 221 
11 to 12 p. 193 79 306 | 77 32 117 116 47 189 
Hour not stated___, 12 1 19 8 1 14 4 0 5 

Total =a | 5,808 | 2,465 | 6,907 | 2,897 | 1,570 | 3,306 | 2,907 | 895 | 3, 597 

1 Total includes four accidents not classified as to rural or urban locality. 

9 See Table 2. 

80192—28——_2 

The curves for hourly fatalities (not shown) closely 
correspond with those for numbers of accidents, though, 
of course, on a lower level. 

Pedestrian accidents in urban localities show a very 
marked peak between 5 and 6 p. m., as will be seen 
in Figure 5 and Table 14. For passenger automobiles 
only in urban crossing accidents the peak is reached 
between 10 and 11 p. m., although the fatalities show 
a decided maximum between 5 and 6 p. m. (Fig. 6 
and Table 14.) 
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TapLe 14.—Pedestrian and passenger automobile accidents and 
fatalities at urban crossings, by hours, 1926 

Pedestrian acci- Passenger auto 
dents accidents 

| 

Hours i 

| Nee Persons bees! Persons 
accidents killed accidents killed 

TDiGO Me Olle ee oe eerie ao oe a ee 6 5 88 21 
1 to2a. 4 2 54 5 
2to3a. 1 1 41 9 
3 to4a. 3 2 33 6 
4to5a. 2 2 27 11 
5 to6a. 6 4 38 8 
6 to 7a. 16 9 82 10 
7 to8a. 19 10 66 | 16 
8 to 9a. 18 13 71 | 20 
O $0008, Mie oo ee ee ee ee 13 3 78 33 
LO G6aLD ais ae ee ee eee ee oe 28 16 69 12 
TE tO:12: 85 epee Soe eee eee 24 12 59 | 8 

49 to 1 py Wie eae eee eo eee 8 5 94 33 
PGOA2) 1) OD See be ee Sen aa de cere 21 10 70 27 
2 $028 Dy NG oot oan woe hn ee oe oe 18 i 61 Wy 
SO Dette. soeeee oe 5 Se ee coe 20 11 75 31 
A CO1! Polis oe Aeon aoe 22 11 96 34 
lig reyamepmo eee oe SPE 52 31 126 66 
(ao OMe F AN On 08 Tee = ee 31 11 116 28 
10380. deen ee aos ily 13 122 | 32 
8 60 Opa ti ea he Be ee See oe oe 18 6 110 26 
G fOctO pian ee beg Se eoemene ese: Cn oe 10 1 103 18 
UNSW ays PR ay or Aus 2 Re Be ee | 12 4 130 26 
IL fOr 2 sp Rane Oe Be ee ee ee Soe 7 4 100 39 
ELOur mot stated i eae eae ees oo ee 2H 0 1 0 

TOLAL2 ies oe soe ee erin Sm eee pee | 378 197 1,910 536 

VISIBILITY OF APPROACHING TRAINS DISCUSSED 

A study was also made of the degree to which the 
approaching train was visible to the traveler on the 
highway. Accidents do happen under the most 
favorable conditions of visibility—almost incredible 
accidents for which the only reasonable explanation is 
sheer inattention. Nevertheless, it is equally certain 
that many of the mishaps reported would not have 
occurred had the vehicle operator been able to see the 
approaching train a moment sooner than he did. The 
average motorist slows down when he sees the railroad 
crossing sign ahead, but he is disinclined to stop until 
he sees the necessity for so doing. Stopping and start- 
ing a car causes a few moments of delay, and calls for 
a certain physical and nervous effort, especially when 
the highway leads upgrade to the crossing. Where 
the driver does not have a clear view up and down 
the track for some distance before he reaches the rails, 
he is apt to see the train too late for a safe stop in the 
distance left to him. 
A recent decision of the United States Supreme 

Court ” places the responsibility for caution at grade 
crossings squarely upon the motorist or other user of 
the highway. Under this decision the motorist is 
expected to take every care to learn whether the way 
is clear, even, when necessary, to the extent of getting 
out of his car for a look up and down the track. Even 
with the responsibility so definitely assigned, however, 
the improvement of visibility at grade crossings should 
be as much a part of a highway-safety program as any 
other measures designed to protect the careless driver 
and to expedite traffic generally. 

The ideal grade crossing, as measured by the criterion 
of visibility of approaching trains, would be in the 
center of a wide open field. The traveler nearing it 
from either direction on the highway would have a 
clear view, beginning several hundred feet away and 
continuing until he reached the crossing, of any train 
within a distance of at least a thousand feet. Even a 

10 Baltimore and Ohio Railroad Co. ». Dora Goodman, October 31, 1927. 

fast driver arriving as the limited express was due 

would have ample time and space in which to stop 
safely under such conditions. And yet accidents 
happened in 1926 at crossings answering practically 
to this description. As a rule, however, there are 

buildings or other obstructions to clear visibility 
located not far from the track. The illustration 
below shows an urban crossing where the view is defi- 
nitely cut off up to a few yards from the rails, Approxi- 
mately 35 trains pass this point daily, some of them 
fast expresses. ‘Two women in an automobile were 
killed here during 1927. 

There is no standard or generally accepted definition 
of what constitutes a reasonable and safe view at a 

Tue Fixep Rep Lan- An UNPROTECTED URBAN CROSSING. 
TERNS Give No SpEcIAL WARNING OF APPROACHING TRAINS. 
Tus WAS THE SCENE OF A ReEcENT FaTAL ACCIDENT 

crossing. This probably explains why the railroad re- 
ports were rarely specific in respect to the conditions of 
visibility. Where the view was mentioned at all (and 
there were only 3,224 such reports altogether) the in- 
formation was usually limited to the statement that the 
view was “clear” or “‘good,” or that it was obstructed 
in one way or another. Some of the reporting officers 
appeared to be using the term ‘‘unobstructed view” to 
mean that the traveler was able to see the crossing 
ahead, without regard to the visibility of any approach- 
ing train. 

Sometimes the view was described as ‘‘clear,”’ with a 
following statement indicating that obstructions were 
located perhaps as near as 50 feet from the track. The 
difficulty of bringing such reports to a common basis is 
apparent. Some of the roads, however, carefully re- 
ported just how far from the crossing, measured along 
the highway, the train would be visible for a named dis- 
tance as it approached on the rails. One of the 
smaller roads sent in with each of its reports a detailed 
blue print showing the exact relation of highway to 
railroad, including the grade of each, as well as the loca- 
tion of all buildings, trees, and other obstructions to a 
clear view. The exact distances at which the train 
might be seen from different points on the highway were 
also indicated. 

Table 15 shows the result of the analysis of the con- 
ditions of visibility at crossings where accidents oc- 
curred involving motor vehicles. In relation to acci- 
dents involving slower vehicles or pedestrians, obstruc- 
tions to view are of less importance or play no part. 
The category, ‘‘clear,”’ in this table includes all those in- 
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stances in which the view was reported as ‘clear’ or 
“good,” without further qualifications. It also includes 
those in which visibility was reported as clear to at least 
100 feet from the rails. Those classed as having an ob- 
structed view are all those at which some obstruction 
was reported within the 100-foot zone, as well as those 
for which the distance of the given obstruction was not 
specified. The 100-foot limit was chosen as the mini- 
mum which could be regarded as giving a safe view at 
modern highway speeds. In each case only the most 
important obstruction was tabulated. 

TABLE 15.—Visibility of approaching trains in motor-vehicle 
grade-crossing accidents, 1926 

Number of accidents 

Conditions of visibility | ——--—----- 
| 
| 

Total 1 Rural | Urban 

(ONGRND acta a at oe er | 1, 818 1, 054 763 
Opsiricted May ulding sees) Loy Parte "305 ; 182 213 
Obstructed by vegetation or bank____-.------ 160 128 | 31 
Obstructed by train or railroad car___.._.___..._____ 195 82 | 113 
Obstruction not stated___._.-.....2._..---___. 307 154 153 
Conditions not stated___..___________ te ee A ee 2,037 1,013 | 1,072 

| 

TROP 528 ee | 4,962 2, 613 2, 345 
| 

1 Total includes four accidents not classified as to rural or urban locality. 

For but 117 rural accidents and 65 urban accidents 
was it definitely stated that there was a clear view of 
the approaching train at all points within 100 feet of 
the crossing in the direction from which the vehicle 
approached. There were doubtless numerous other 
crossings where this condition also existed but was not 
specifically reported. Often, too, the obstruction to 
view caused by a building or railroad car, for example, 
was only partial, the vehicle operator having his view 
cut off for only a short while after having had a clear 
view at a safe distance previously. 

Most of the instances of obstruction to view caused 
by trains or railroad cars are chargeable to standing 
freight cars on parallel tracks, though in occasional 
cases the victims were reported to have passed behind 
one moving train into the path of another. Often, 
especially at urban crossings, the cars are only one 
factor of several which combine to cut off the view, 
but the most serious because nearest to the track of 
the oncoming train. Almost every motorist can recall 
with uneasiness driving over some utterly blind cross- 
ing where a string of box cars was standing on a track 
immediately adjacent to that on which another train 
might be approaching. Even when the cars are some 
distance from the highway crossing they may constitute 
a serious obstruction to any adequate view. 

TRAIN VERSUS AUTOMOBILE 

In its published accident bulletins, the Interstate 
Commerce Commission presents an analysis showing 
separately those cases in which persons or vehicles 
were struck by trains at crossings and those in which 
they ran into the side of trains which were already on 
the crossing. These figures are frequently quoted, 
usually as an impressive illustration of the careless- 
ness of highway users. While it is true that a train 
already occupying a crossing is not easily overlooked, 
is equally true that some trains arrive on the scene 
rather suddenly. At a mile a minute, a train travels 
88 feet in asecond. At even moderate speeds, the dif- 
ference of a very small fraction of a second may deter- 

mine whether an automobile is struck by the engine or 
whether it strikes the side of the engine at the pilot 
beam, the cylinder, or the drivers. The degree of 
responsibility for a collision can hardly be significantly 
affected by a distinction measured in such brief inter- 
vals of time. On the other hand, when a motorist 
strikes somewhere far back on a long train, or collides 
with a standing or slowly moving car or train, there is 
reason to suspect excessive speed, inattention, or other 
fault on the part of the driver. 

Of the 4,962 accidents involving motor vehicles here 
tabulated, 1,110 were reported as cases in which the 

Tur SaFre Successor To A DANGEROUS GRADE CROSSING 
ON AN Important HiGHWay 

vehicle ran into the side of the train. Further analysis 
reveals the fact that at least 513 of these collisions 
occurred when the motor vehicle struck the engine, or 
the leading car of a train not preceded by an engine. 
In only 289 cases was it definitely reported that the 
train was struck somewhere behind the engine or lead- 
ing car. While this crude analysis takes no account of 
the speed of the train, it will be apparent that too 
sweeping conclusions should not be drawn from the 
fact that highway vehicles—and pedestrians—" fre- 
quently collide with the sides of trains. 

DATA AS TO VEHICLE OPERATORS INADEQUATE 

While some of the reporting railroads were careful to 
give the age and other personal facts concerning 
vehicle operators and pedestrians involved in crossing 
accidents, the data are far from complete. Even with 
the best of intentions it is not always possible after a 
serious automobile accident to learn which of several 
occupants was driving at the time. In the analysis 
here made, victims were presumed to be adults unless 
there was definite evidence to the contrary or ground 
for reasonable doubt. Children are those reported as 
such or those whose ages were given as under 18 years. 

Without comparable data as to the ratios of men, 
women, and children operating motor vehicles on the 
streets and highways, this table can not be used as the 
basis for any conclusions as to the relative safety of 
the different classes of operators. It may be suggested, 
however, that the 50 motor-vehicle accidents occurring 
to child operators out of a total of 4,962 seems dispro- 
portionately high. The larger proportion of child 
operators in the rural accidents, too, is noticeable, and 

11 Tn 25 cases during 1926. 
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TaBLE 16.—Operators of motor vehicles and pedestrians involved 
in grade-crossing accidents, 1926 

Total ! | Rural Urban 

Saeca MBs i 
Class | | Motor- | Motor- Motor- . 

| vehicle pate | vehicle ip vehicle Fone 
operators | | operators operators 

Adult—male.__..-.-- 2,914 | 330| 1,643 | 90 1, 368 | 240 
Adult—female______- 251 | 128 | 134 38 117 90 

HO 2253 ease 50 59 | 35 22 15 37 
Notistated..2---.2-< 1, 747 18 901 df 845 il 

Totalesescesae 4,962 | 535 | 2, 613 157 2, 345 378 

1 Total includes four accidents not classified as to rural or urban locality. 

is probably to be attributed to the absence of regula- 
tions, or the more liberal regulations regarding the 
licensing of operators in the less urbanized States, 
together with the laxity of enforcement of such regula- 
tions in the rural areas even where they do exist. 

One hundred and three intoxicated motor-vehicle 
operators were reported and 25 intoxicated pedestrians. 
It is not surprising to discover that of the 103 drivers, 
64 were listed as having run into the train and only 39 
as having been struck by the train. The high pro- 
portion of the former may be due to the desire of the 
reporting officers to explain certain otherwise inex- 
plicable accidents, whereas in more ordinary cases 
intoxication might be passed over without special 
mention. 

Twenty-four motor-vehicle operators, seven drivers 
of animals, and forty-seven pedestrians were reported 
as partially or totally deaf. Of the pedestrians a very 
considerable proportion were quite aged and sometimes 
of failing mentality. 

INFLUENCE OF WEATHER AND LIGHT DISCUSSED 

The importance of climatic conditions and light as 
factors in the grade-crossing accident rate can not be 
determined without a knowledge of the relative preva- 
lence of the different sorts of weather and the volume 
of highway traffic under each. That unfavorable 
weather does bring more than its share of accidents, 
however, seems to be indicated by the figures shown in 
Table 17. 

TaBLE 17.—Weather and light conditions at time of grade-crossing 
accidents, 1926 

Number of accidents 

Weather and light 

Total! Rural Urban 

@leat na Vile Nt ene ne. = = - 3 5 a re 8, 056 1, 696 1, 360 
Cloudy, davilent--2+4----- =~. .eee =o eee 498 281 215 
HOSS Y .CaVvileNte cee. >). -- =~ - eee eens 44 32 12 
ani eG aye i eee sao = mm meee 173 102 71 
Syvowing,; Gaylight= 222-0 -t -.. _.- Season | 69 36 33 
(CUGSIRG Rid Ge 5 Se Stes See) 1, 392 520 870 
Cloudyidark ss ee2==-2~- -=-- - see eee 283 114 169 
HO gR (ar keer seca 2. See 70 36 34 
Raining dances see oo. 8 ~~ = oe | 158 53 105 
Snowing, dark | 65 27 38 

Mobale 22222: 5-3 2----- See eee eee eee 15,808 2, 897 2, 907 

1 Total includes four accidents not classified as to rural or urban locality. 

OTHER CIRCUMSTANCES 

Various other details were noted and recorded in the 
course of this inquiry, some of which in the final 
analysis proved to be either insignificant, incomplete, 
or of doubtful accuracy. A study of the angle of inter- 
section and the highway grade at the crossings, for 
example, was abandoned for lack of adequate infor- 
mation in a very large majority of the reports. In 
view of the nature of grade-crossing accidents, too, 
accurate statements as to the equipment and condition 
of vehicles and the mental processes of their operators 
are sometimes unobtainable. 

Defective brakes were mentioned as contributing 
factors in only 51 motor-vehicle accidents. Inade- 
quate automobile headlights were reported in only 14 
instances. 

Attempts to beat the train were occasionally re- 
ported, but usually only as the opinion of the reporting 
officer. The reasons for many of the nearly 250 cases 
in which the drivers apparently stalled on the crossings 
can never be known. In no case was a motor-vehicle 
operator said to have been asleep at his wheel. 
A question of definition is raised by the fact that 

electric or gasoline rail cars or trains (not including 
section motor cars) operated by the steam railroads 
figured in 157 of the accidents. From one viewpoint 
it can be argued that these should be segregated from 
the other accidents on steam roads. 



HIGHWAY RESEARCH BOARD HOLDS ITS SEVENTH 
ANNUAL MEETING 

Reported by A. C. ROSE, Associate Highway Engineer, United States Bureau of Public Roads ‘ 

EPORTS on the year’s progress in highway 
research were presented to a group of investi- 
gators prominent in the field of research at 

the seventh annual meeting of the Highway Research 
Board of the National Research Council. The meeting 
was opened by the presiding officer, T. R. Agg, of Iowa 
State College, on December 1, at the National Academy 
of Sciences Building, Washington, D. C., and Vernon 
Kellogg, permanent secretary of the National Research 
Council, delivered a brief address of welcome to the 
visiting delegates from the several State highway 
departments, universities, and colleges, and the 
industries. 

VALUE OF RESEARCH DISCUSSED 

Frank B. Jewett, the retiring chairman of the divi- 
sion of engineering and industrial research, discussed 
the value of scientific investigation to industry from a 
retrospective and prospective point of view. Referring 
to the necessity for a rigid control of the variables as a 
fundamental of all scientific research, the speaker stated 
that there is a tendency to draw conclusions in regard 
to one factor without giving proper consideration to 
the other controlling factors. In order to reduce this 
error to a minimum, the work should be controlled so 
that only one factor in the problem is a variable. 
With two variables the interpretation of the data 
becomes very difficult and with three or more varia- 
bles it is practically impossible to reach accurate 
conclusions. 

Research workers, continued Mr. Jewett, are prone 
to try initial experiments on too large a scale before 
the feasibility of the project has been established in a 
small way. When the large-scale projects are carried 
out without the necessary preliminary test tube and 
other work in the laboratory, it is often difficult to 
determine the exact reason why satisfactory results 
are not obtained. For satisfactory progress in re- 
search the following routine procedure was advanced 
as necessary to the solution of each individual problem: 

1, Make a decision as to the essentials of the problem. 
2. Try out the experiment on a laboratory scale, with the 

work carefully controlled so as to eliminate all but a single 
factor in any given experiment. 

3. If experimentally successful in the laboratory, then due 
consideration should be given to the transfer of the research to 
a larger scale. 

4. The large-scale test usually indicates that some modifica- 
tions are necessary before the apparatus may be used commer- 
lally. 

: 5. TT he next step is to manufacture the tool-made apparatus 
so as to determine whether large-scale production may be eco- 
nomically feasible. 

It is only after these five routine operations have 
been carried out that research workers are able to 
broadcast with assurance the successful conclusion of 
an experiment. ‘This method has been in use in the 
telephone industry for the past 20 years. 

Another lesson that research workers are learning, 
said Mr. Jewett, is that an infinitesimally small amount 
of a given chemical substance may produce stupendous 
changes in the character of the aggregate material. As 
an illustration of this fact, he cited the successful 
search some years ago for an alloy that would exhibit 

greater magnetic properties than any substance then 
in existence. This was found by research to be an 
alloy now known as “permalloy,” consisting of iron 
and nickel, which showed magnetic characteristics 100 
times greater than any other known material. It was 
later discovered that one-thousandth to one-hundredth 
of 1 per cent of a certain so-called ‘‘poisonous’”’ mate- 
rial would reduce the magnetic properties to 10 per 
cent of what they were in the pure alloy. 

It has also been found, in connection with studies of 
the ravages of teredos on wooden piles, that the life of 
concrete in sea water varies considerably. This varia- 
tion does not seem to be due to the character of the 
concrete mixture but rather to the chemical composi- 
tion of the aggregate. Such experiences as these, Mr. 
Jewett said, have led him to the conclusion that in 
making combinations of various materials, as is neces- 
sary in road-building operations, due consideration 
should be given to the chemical reactions of the aggre-’ 
gate. 

In summing up his comments with regard to research 
in retrospect, Mr. Jewett emphasized the necessity of 
basing conclusions: 

1. On good engineering practice with the experiments con- 
trolled so as to confine the data to one variable. 

2. On the constituents of which engineering articles are con- 
structed. Information should be gathered concerning different 
proportions of the individual components of the aggregate 
material. 

With regard to prospective research, viewing the 
situation as a whole, Mr. Jewett pointed out that pure 
and applied science is producing a rapidly accumulating 
supply of knowledge. The universities are turning 
out more and more fundamental information and this 
is one of their two primary jobs. The other vital work 
of the higher institutions of learning—as important as 
delving for facts—is that of supplying highly trained 
individuals. The research branches of commercial 
organizations are applying the new store of data to the 
solution of practical problems. For this reason more 
rapid progress may be expected in the decades to come 
than has been possible in the past. 

REPORT OF THE DIRECTOR 

Charles M. Upham, director of the Highway Re- 
search Board, presented a report of activities during the 
past year. After giving a historical review of the 
National Research Council, beginning with its creation 
in 1916 by an Executive order of President Wilson, 
Mr. Upham stated that the Highway Research Board 
was organized as a branch of the national body in 
1920, with officers and six research committees. 
Examples where industry has profited by discoveries 

in pure science were presented and in these discoveries 
the chemist was an important factor. Analogy was 
made between these problems and the needed research 
on subgrade clay. 

At present there are eight committees, which the 
director reported are making excellent progress, but 
more could be done if more ample funds were available. 
He also suggests as desirable the appointment of paid 
secretaries for each committee who could devote their 
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entire time to the work. This suggestion was ad- 
vanced, not to minimize the excellent work already 
accomplished by the chairmen of the existing com- 
mittees, but as a means of obtaining greater results. 

MOTOR-VEHICLE ACCIDENTS STUDIED 

Austin B. Fletcher, chairman of the committee on 
causes and prevention of highway accidents, in his 
introductory remarks, preliminary to the reading of the 
detailed papers by the six members of his committee, 
stated that motor-vehicle accidents were increasing 
at the rate of 5 per cent a year, and for this reason it 
did not seem necessary to emphasize the need of 
highway-safety precautions. In order to make the 
investigations of the committee as comprehensive as 
possible, there were included in its membership not 
only highway engineers but also a psychologist, a 
physicist, and an automobile manufacturer. 

S. J. Williams, director of the public-safety division 
of the National Safety Council, a member of the com- 
mittee, estimated motor-vehicle fatalities in 1926 at 
23,000, and stated that they are growing at the rate of 
1,000 a year. In the cities two-thirds or more of the 
accidents involve pedestrians, while on the rural roads 
the corresponding proportion is one-half. The speaker 
stressed the need for more accurate information con- 
cerning the causes of accidents since, unfortunately, 
only about six States require systematic accident 
reports and statistics. 'To supply this deficiency, Mr. 
Williams advocated the adoption of a standard report- 
ing system that would consist of: (1) An individual 
report card, and (2) a tabulation form for summarizing 
the cards monthly and annually. For small munici- 
palities, tally sheets would be used, and for large States 
the punch-card system would be more economical. 

In trying to arrive at the causes of accidents Mr. 
Williams believes it is a mistake to try primarily to fix 
the personal responsibility. He thinks it a much better 
plan to collect data as to the circumstances or facts in 
each case in order to eliminate the element of personal 
judgment. He concludes, however, that the most 
refined accident statistics are at best only the first step 
in solving the problem, the final solution of which 
depends upon the application of remedial measures, 
based upon a scientific study of the accident statistics. 

M. G. Lloyd, chief of the safety section of the United 
States Bureau of Standards, delivered a paper on the 
standardization of motor-vehicle equipment as a 
means of reducing the accident risk. He believes that 
headlight devices should be regulated by the States and 
not by Federal or municipal authorities. 

The general specifications now in use are those 
adopted by the [Illuminating Engineering Society in 
1920, and revised in 1922. These have also been 
adopted by the engineering standards committee. 
There are two basic ideas included in these specifica- 
tions: 

1. An attempt to avoid throwing excessive light into the eyes 
of the driver of an approaching automobile. 

2. An attempt to throw the maximum amount of light upon 
the highway. 

The defect in the present regulations is that while 
they require adequate equipment they do not include 
sufficiently drastic regulations concerning the mainte- 
nance of the apparatus in proper adjustment. This 
deficiency, said Doctor Lloyd, should be remedied. 
The depressible beams of light, now being developed 
commercially, involve legal complications because they 
are in conflict with the existing laws based upon fixed- 

beam lights. The adjustment of headlights involves 
two factors: (1) Proper aiming, and (2) proper focusing. 

The speaker continued with a discussion of tail lights 
and rear signaling lamps and concluded with a reference 
to the new code which had been prepared for testing 
and regulating brakes. With the four-wheel brakes 
in use, Doctor Lloyd believes the requirements relative 
to stopping distance could be made more severe. 

PSYCHOLOGY A FACTOR IN ACCIDENT PREVENTION 

In delivering the third section of the accident report, 
Knight Dunlap, professor of experimental psychology 
at Johns Hopkins University, said that psychologists 
were interested in the sense of perception and the forma- 
tion of habits. It is important in reducing accidents 
to develop safety habits which become instinctive. 
The time lost in thinking of the action required is often 
critical. Unnecessary and misplaced signs cause acci- 
dents not only at the point at which they are situated 
but also at other locations, because they breed a 
contempt of warning signs which leads to the develop- 
ment of unsafe driving habits. 

In commenting upon the proper colors for luminous 
signals and fixed signs, Doctor Dunlap stated that the 
entire retina of the eye is not equally susceptible to 
color. For all practical purposes, the rapid discern- 
ment of color is limited to the central vision. Yellow 
and blue are excellent colors for this purpose, but the 
generally used red and green are tolerably satisfactory. 
In order to improve the colors now generally accepted, 
the green should be made as blue as possible, and then, 
if the cautionary yellow color could be abandoned, it 
would be better to shade the present red into an orange- 
red color. 

With regard to refusing licenses to color-blind people, 
the speaker said it is impracticable to solve the problem 
by refusing to issue licenses. Color-blind persons with 
some preliminary training can pass a casual examina- 
tion and only a thorough investigation by a highly 
trained physician or psychologist can detect vision 
defective in regard to color. Furthermore, normal 
persons, when under the strain of an examination, have 
their color sense sometimes temporarily disturbed. 

John C. Long, secretary of the street-traffic commit- 
tee of the National Automobile Chamber of Commerce, 
gave a report of a study limited to motor-truck acci- 
dents in Hartford, Conn., during the period of January 
1 to 30,1927. Atl accidents involving property damage 
of $10 or more were included. The conclusions show 
that drivers were at fault in 57 per cent of the cases. 
Difficulty was experienced in obtaining information 
because of the fear of unfavorable publicity on the part 
of the motor-truck owners. This difficulty was re- 
moved when it was explained that the aim was not to 
fix personal responsibility but to determine the causes 
of accidents and to reduce these by adequate instruction 
in a motor-truck drivers’ school. 

A. N. Johnson, dean of the University of Maryland, 
showed lantern slides giving the results of a method 
used for measuring the relative efficiency of traffic flow 
through street intersections under various conditions 
of control, such as traffic lights and police officers. The 
speaker believed that the flow of traffic through streét 
intersections is a fundamental consideration both with 
respect to safety and to the speeding up of traffic. 

W. G. Eliot, 3d, of the Bureau of Public Roads, 
concluded the accident reports with a statistical study 
of the number of grade-crossing accidents in the 
United States. The data indicated that grade cross- 



January, 1928 

ings are responsible for 10 per cent of all motor-vehicle 
fatalities, but only 1 per cent of the total injuries. 
The number of rural and urban grade-crossing acci- 
dents are almost equal, but 65 per cent of the fatalities 
are rural. One explanation of this is the slower speed 
of trains in cities. Mr. Eliot estimates that only 40 
per cent of traffic accidents of all kinds occur on rural 
highways, and that grade-crossing accidents represent 
16 per cent of the total on rural roads. 

PROGRESS MADE IN VARIOUS STUDIES RELATING TO VEHICLE 
OPERATION 

Professor Agg, the chairman of the committee on 
economic theory of highway improvement, in sum- 
marizing the reports of individual members of the 
committee, stated that the paper on the measurement 
of tractive resistance, although not perhaps a final 
report, may be considered to represent the completion 
of the project. Roughly, the report dealt with four 
factors: (1) Rolling resistance, influenced by the 
condition and kind of tire; (2) impact, as affected by 
the distortion or character of the road surface; (3) air 
resistance; and (4) the coefficient of friction between 
the tire and the roadway surface. 

Relative to the progress report on the cost of opera- 
tion of automobiles, Professor Agg stated that the 
records show lower costs per mile as compared with 
figures obtained four or five years ago. This was be- 
lieved to be caused by the greater distance traveled 
annually by the average driver and also to the improved 
character of motor vehicles. 

It was announced that the report on the effect of 
roadway surface on tire wear was not ready for presenta- 
tion but that it was expected to be completed in time 
to be made a part of the printed proceedings. 

Professor Agg referred to studies his committee has 
made on the contribution of common-carrier busses to 
State-road funds. The information so far tabulated 
had been obtained from the records of the public service 
commissions of Michigan and Iowa. In Iowa the con- 
tribution of the motor bus per ton-mile is decidedly 
ereater than that of privately-owned automobiles. In 
Michigan the reverse is true. The committee will at- 
tempt to determine the proper contribution. 

L. E. Conrad of Kansas State Agricultural College 
delivered his report on wind resistance to motor ve- 
hicles. In summarizing available information on the 
subject, he pointed out that only three investigations 
are known to have been made in the United States, 
those of: (1) The United States Bureau of Standards; 
(2) the engineering experiment station of Kansas Agri- 
cultural College; and (3) the engineering experiment 
station of Iowa State College. Some work has also 
been done along similar lines in Germany. 

Professor Conrad concludes that for a straight head 
wind the resistance for ordinary passenger cars may be 
considered as 0.0025V? pounds per square foot of pro- 
jected area. In this formula V is equal to the velocity 
of the automobile in miles per hour. He believes that 
an even exponent of V will serve as well as a fractional 
one for all practical purposes. Studies are to be con- 
tinued on the effect of side and quartering wind. 

H. B. Shaw, of North Carolina State College, gave 
a résumé of research on tractive resistance. An 
attempt is being made to formulate a practical theory 
based upon the results of outstanding studies. As an 
interesting side light he recalled that Sir Isaac Newton, 
years ago, developed theoretically a value for air 
resistance that has since been confirmed experimentally. 
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The present experiments indicate that tire displace- 
ment resistance decreases with increased air pressure 
in the tire which results from the heating which takes 
place when a vehicle is in motion. ‘Tire displacement 
has been found to increase at a greater rate than the 
increase of the weight on the tire. 

MANY PHASES OF STRUCTURAL DESIGN OF ROADS STUDIED 

A. T. Goldbeck, of the National Crushed. Stone 
Association, chairman of the committee on structural 
design of roads, because of the limited time, summa- 
rized the reports of the members of his committee. 
These papers covered 19 subjects. With regard to the 
loads on highways the speaker stated that with the 
same total load the rear wheels of four-wheel trucks 
transmit twice as much load to the pavement as either 
pair of rear wheels of the six-wheel truck. 

The report on subgrade studies outlined methods of 
soil identification from known proportions of the sepa- 
rates of sand, silt, and clay. The slaking value test 
was mentioned ‘as indicating the susceptibility of soil 
to erosion. A simple percolation test was considered 
to be adequate to determine those soils which might 
be drained with tile. The report continued with a 
discussion of the behavior of subgrade soils when sub- 
jected to various moisture conditions. Granular sub- 
bases were mentioned as an efficacious method of 
compensating undesirable subgrades. The studies of 
landslides, and the sand-clay, gravel, and top soil sur- 
faces of the Southern States were outlined. 

A rough practical rule given for the construction of 
bituminous macadam surfaces was that the depth of 
the surface course in inches should be equal to the 
maximum size of stone in the surface course, and the 
number of gallons of bitumen per square yard of sur- 
face might be estimated at the same numerical figure. 
Thus for a 11-inch surface course, the maximum size 
of stone would be 1% inches, and there would be re- 
quired 11% gallons of bitumen per square yard. 

With respect to the design of concrete pavements, the 
speaker stated that this is affected by the character and 
condition of the subgrade, and that the latter must be 
evaluated in order to make possible a more accurate 
cross section. ‘The maximum wheel load is now recog- 
nized as causing the stress for which the pavement must 
be designed. There is a noticeable tendency on the 
part of highway engineers to reduce the size of concrete 
pavement slabs with longitudinal and transverse joints. 

Mr. Goldbeck concluded his summary with com- 
ments concerning reinforcing and curing of concrete 
pavements, and methods of constructing brick pave- 
ments. 

In a general discussion of the report of the committee 
on structural design of roads, C. H. Moorefield, State 
highway engineer of South Carolina, stressed the 
importance of considering the subgrade and emphasized 
the need of further knowledge of subgrade soils and 
their behavior as a prerequisite to adequate pavement 
design. 

REPORT OF COMMITTEE ON CHARACTER AND USE OF ROAD 
MATERIALS 

The report of the committee on character and use of 
road materials was presented by the chairman—H. 8. 
Mattimore of the Pennsylvania State highway depart- 
ment. The paper discussed six factors in the control 
of the construction of concrete pavements: (1) Retest- 
ing of cement stored over three months; (2) fine 
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aggregate; (3) coarse aggregate; (4) proportioning of 
materials; (5) curing the finished pavement; and 
(6) tests of the finished pavement. 
The quantity of Portland cement used, said the 

speaker, should be carefully checked at the plant, on 
the job, and by counting the empty sacks. With 
regard to fine aggregates, uniformity, durability, and a 
uniform degree of hardness and toughness, are desir- 
able. Stone screenings contain too much dust for 
satisfactory use as concrete aggregate. They also 
make it more difficult to finish the pavement. Seven 
theories of designing concrete mixtures were discussed. 

In commenting on the recently developed methods for 
curing concrete pavements, using such materials as 
calcium chloride, sodium silicate, and bitumen as a 
seal coat, Mr. Mattimore stated that all of these, from 
an economic standpoint, are superior to the customary 
water-curing method. The new methods, however, 
have a number of disadvantages in their practical 
application. Reports indicate that calcium chloride 
may not be desirable for surface curing because of exces- 
sive scaling of the pavement surface. As an admixture 
the success of calcium chloride depends on atmospheric 
conditions. In the Northern States, under average 
conditions of temperature and humidity, it is possible 
to obtain good average concrete with a calcium chloride 
admixture. In the successful use of seal coats, the 
character of the subgrade, whether porous or impervious 
is an important factor. 

Discussing tests of finished pavements, Mr. Matti- 
more stated that three methods are in general use: 
(1) A compression test on specimens made and partially 
cured in the field; (2) a compression test on cores 
drilled from the finished pavement; and (3) a transverse 
beam test on specimens made and cured in the field. 
Although the prevailing practice has been to keep con- 
crete pavements closed for three weeks, the indications 
are that it is better practice to vary the time according 
to the results of tests. Up to the present time the pro- 
cedure for making the field transverse test has never 
been standardized so as to produce comparable results 
by different observers. 

P.J. Freeman of the Allegheny County department of 
public works, in Pennsylvania, discussed the practical 
aspects of Mr. Mattimore’s report. He believed that 
not enough attention has been paid to the weight of 
the bagged cement at the mill. In some cases obser- 
vations show a difference of 13 per cent between the 
high and low weight. Careful consideration should be 
given the proposed plan of proportioning the cement 
by weight. With regard to the bulking of sand, it is 
not a difficult matter to determine the percentage of 
moisture in the field. The weighing and inundation 
methods seemed to be the simplest yet devised. 

Referring to the committee’s recommendations rela- 
tive to the sampling of coarse aggregate, he differenti- 
ated between the purposes of the sampling. If it is de- 
sired to determine the average quality of coarse aggre- 
gate, say on a barge, then the suggested method is 
satisfactory, but where it is desired to determine whether 
one end of a pile is badly segregated, then a method 
other than that proposed by the committee would 
have to be used. 

With reference to sampling, proportioning and design 
of concrete mixtures, Mr. Freeman believes that more 
attention should be given to prevention of segregation 
of aggregate. To accomplish this, flat rather than 
conical piles should be used. 

Referring to the proposed method of proportioning 
concrete by combining definite weights of the several 
constituent materials, the speaker believes that nothing 
more elaborate is being advocated than what has been 
in use for years in the construction of bituminous 
pavements. 

Mr. Freeman emphasized the urgency of placing wet 
burlap on the concrete as soon as possible for curing. 
He fears that too much time is being spent on finishing. 
Stating also that excessive checking is caused by too 
early belting, he believes there is a happy medium of 
time and that more research is needed concerning this 
factor. 

Calling attention to the present methods of testing 
the finished pavement, he stated his belief that it is 
illogical to close pavements for a standard time of three 
weeks in July and November, because of the widely 
different weather conditions. Some of the concrete 
pavements in Allegheny County, laid in the summer, 
have been opened successfully in three days, while 
other projects, built late in the fall, have not been 
opened until the following spring. For the traffic in 
Allegheny County Mr. Freeman believes that a modulus 
of rupture of 500 pounds per square inch, as determined 
by the beam test, gives an ample factor of safety. 

D. A. Abrams, acting as presiding officer at the 
morning session on December 2, introduced A. J. 
Brosseau, who spoke on highway finance. The speaker 
analyzed the aggregate Federal expenditures and 
showed the relation thereto of the Federal highway 
disbursements. ‘The Federal road expenditures were 
shown to be less than 8 per cent of the entire rural 
highway bill. Mr. Brosseau believes that our national 
highway finance structure is sound, necessary, and 
profitable. 

In discussing Mr. Brosseau’s paper, Professor Agg 
called attention to a new problem that is arising in 
highway finance. His studies indicate that, in some 
instances, municipalities are requesting that a portion 
of the gasoline tax be prorated to them for the con- 
struction and maintenance of the city streets. The 
city argument is that their motor-vehicle users are 
paying for a large part of the cost of rural roads, for 
which they are not receiving an equitable return. 
Professor Age pointed out that if the gasoline taxes are 
returned to the cities the tendency will be to dissipate 
the funds which are now being used through a central 
State agency to secure maximum results on the rural 
roads. In discussing this point, J. G. McKay, of the 
Bureau of Public Roads, presented some conclusive 
arguments. He stated that traffic surveys of the 
bureau indicate that 80 to 90 per cent of the rural- 
road traffic and the bulk of the heavy-truck traffic 
originate within city limits. It is, therefore, logical 
that the city motor-vehicle owners should bear the 
bulk of the cost of the rural roads. He also added that 
there is no reason why the rural land owner should 
pay for any considerable portion of the through trunk 
roads because land values in the strictly rural areas 
are not increased to a large extent by this kind of road 
development. 

REPORT OF COMMITTEE ON HIGHWAY TRAFFIC 

G. E. Hamlin, of the Connecticut State Highway 
Commission, as chairman, introduced the individual 
reports of the committee on highway traffic. He stated 
that highways should be classified with respect to their 
weight-carrying capacity, and that there is an urgent 
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need for establishing adequate rights of way in con- 
gested rural areas. Computations were presented show- 
ing that the maximum capacity of a single-lane road 
amounting to 1,969 motor vehicles per hour occurs at 
a speed of 22 miles. The maximum capacity of a 
two-lane road with mixed speeds is somewhat less than 
twice that of the single-lane road. He outlined the 
effect of overcrowding a two-lane road and showed the 
magnitude of the time losses at grade crossings and in 
small villages. The precautionary stop of a motor 
vehicle at a grade crossing was said to average seven 
and one-half to eight seconds. A comparison was made 
of the time consumed on by-pass or belt routes around 
centers of population, as contrasted with through roads. 
Forecasting the future development of traffic the 
speaker saw an increase in the use of six-wheel trucks. 

J. G. McKay, of the Bureau of Public Roads, as a 
member of the committee, gave a description of the new 
traffic-flow recording device now being used by the 
bureau in the traffic studies in the Cleveland metropoli- 
tan area. An attempt is being made to determine the 
traffic capacity of various widths of roads as well as the 
preferential speed for various densities of traffic. 

A. N. Johnson showed lantern slides of the airplane 
pictures taken during the traffic study on the Wash- 
ington-Baltimore boulevard. The pictures were taken 
at an elevation of 3,600 feet and showed a strip of 
land 2,000 feet on each side of the road. 

H. J. Kirk of the Ohio State Highway Department 
gave a description of a traffic speed recorder which 
had recently been manufactured by a firm in Dayton, 
Ohio. The variations in speed of a motor vehicle are 
shown by variation in the slope of a graph made upon 
paper mounted upon revolving cylinders. The device 
has been used on delivery wagons to determine if 
drivers are making the rounds on a regular schedule 
and may be useful in traffic flow studies. 

Discussing the report of the committee on highway 
traffic, W. G. Sloan, State highway engineer of New 
Jersey, stated that traffic studies are vital to the solu- 
tion of the highway transportation problem. Basing 
his remarks upon traffic surveys made in New Jersey, 
he estimates a 200 per cent increase in traffic in 1932, 
as compared with 1923. ‘Traffic surveys and. gasoline 
consumed indicate that the annual mileage traveled 
by automobiles is increasing more rapidly than the 
motor-vehicle registration. A graph prepared by the 
New Jersey department shows 1,600 vehicles as the 
maximum capacity of a single-traffic lane at 22 miles 
per hour, while the curve of the committee indicates 
1,969 vehicles. The speaker emphasized the economic 
loss caused by the interruption to the flow of traffic 
at grade crossings in addition to the loss due to acci- 
dents and fatalities. 

SELLING RESEARCH TO THE PUBLIC 

Maurice Holland, director of the division of engineer- 
ing and industrial research, gave an address on the 
subject of selling research to the public, or, as he ex- 
pressed it, making the public research conscious. 
There are at present 1,000 research laboratories in the 
country and this is an increase of almost 100 per cent 
in six years. Stating that a man’s success in business 
is in direct proportion to his ability to sell his services, 
he believes that until research can be translated into 
the language of the man on the street, we can not expect 
to obtain general attention. Lindbergh’s flight was 

an example of the popularization of science, and to-day, 
as a result, 117 airplane factories in this country are 
running behind their production schedule. 

The speaker said that the results of research must be 
made apparent and that proper showmanship is neces- 
sary to popularize the message. He referred to Pas- 
teur as a master showman in reporting his studies to 
the French Academy, before whom he demonstrated 
the effects of living anthrax germs. 

Speaking of the four mediums for reaching the public, 
he said that with the spoken word, in lecture form, only 
the attention of a few hundred people at best could be 
held. With articles written in trade journals 6,000 to 
60,000 people could be reached. He mentioned the 
motion picture as an untried medium from a research 
standpoint, and added that one weekly news reel 
reaches 12,000,000. The speaker believes the radio the 
least expensive and most effective means of disseminat- 
ing public information. One broadcasting station in 
New York City reaches four or five million people nightly. 

CULVERT INVESTIGATION REPORTED 

R. W. Crum, of Iowa State College, as chairman, 
presented the report of the committee on culvert in- 
vestigations. Little additional field work had been 
done during the past year, but study had been made of 
previously collected data. Two general classes of cul- 
verts were considered: The rigid, such as concrete, 
vitrified tile, and cast iron; and the flexible, such as 
corrugated metal. It is difficult to rate the relative 
condition of rigid-type culverts since progressive de- 
terioration is not indicated. With corrugated metal, 
however, the progressive deterioration could be deter- 
mined. The committee, therefore, suggests a rating 
method for corrugated-iron culverts. In this rating, 
three stages of deterioration in the ordinary life of 
culverts are recognized: (1) Invisible, (2) visible, and 
(8) unsafe. The end point of the life of the culvert is 
used for comparison, and this is based upon the deteri- 
oration of the metal in the culvert. 

W. H. Root, of the Iowa State Highway Commission, 
chairman of the committee on maintenance, presented 
a summary of the studies made of recent developments 
in road maintenance. C. P. Owens, of the Missouri 
State Highway Commission, led the general discussion 
of the paper which closed the morning session. 

PROGRESS MADE IN LOW-COST ROAD INVESTIGATION 

At the afternoon session C. N. Conner, chairman of 
the committee on low-cost road improvement, gave a 
detailed study of the construction practices determined 
by field inspections in 23 States. The work of the 
committee has been financed by the American Road 
Builders’ Association and T. Coleman du Pont. The 
purpose of the study is to assist those engaged in the 
construction of this type of road. Studies of typical 
cross-sections in 26 States were shown with lantern 
slides. The low-cost roads studied have an average 
traffic of 600 and a maximum of 1,500 per day. The 
survey has been limited to untreated surfaces costing 
less than $10,000 a mile and surface treatments costing 
less than $6,000 a mile. The report presented was a 
digest of the full report which contains 60,000 words. 

H. J. Kirk, of the Ohio State Highway Department, 
followed with a discussion of untreated traffic-bound 
types of low-cost roads. 
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C. A. Hogentogler, of the Bureau of Public Roads, 
presented a report on subgrades and soils, indicating 
their relation to the low-cost road problem. The 
subgrade soil observer attempts to determine where 
rigid or flexible road surfaces may be laid. The surest 
subgrade treatment was believed to consist of a granular 
subbase compacted under traffic. 

N.S. Anderson, of the South Carolina State Highway 
Department, described the surface treatment of main 
highways with topsoil and selected earth. For bitumi- 
nous surface treatment, the base should be sufficiently 
porous to permit the tar prime coat to penetrate one- 
fourth inch. Excessive mica in the material makes the 
base unstable. 

W. R. Neel, of the Georgia State Highway Depart- 
ment, described untreated surfaces of sand-clay, chert, 
and gravel. He discussed the materials, methods of 
construction, cost of construction and maintenance, 
serviceability and salvage value. The average cost of 
sand-clay roads in Georgia is $1,650 a mile and the aver- 
age annual maintenance costs $170 per mile. These 
roads are serviceable for 400 vehicles a day or less. 
For this amount of traffic the annual loss of surfacing 
material is one inch of depth. The sand-clay road is 
of great value as the first step in stage construction for 
stabilizing subgrades. 

Chert construction costs up to $7,000 a mile and 
carries up to 1,000 vehicles a day. The average annual 
loss in depth is one-half inch. 

On gravel roads, the traffic should not exceed 1,000 
vehicles a day. ‘The average annual maintenance cost 
is $200 a mile. The average annual loss in depth is 
three-fourths of an inch. 

The Georgia State Highway Department has co- 
operated with Doctor Strahan, of the University of 
Georgia, in an extensive study of low-cost roads which 
has recently been completed. 

J. T. Pauls, of the Bureau of Public Roads, presente 1 
a report on mixed-in-place surfaces, using local topsoil 
and gravel aggregates and tar or asphalt. The mainte- 
nence costs of untreated roads are excessive for a 
traffic greater than four to five hundred vehicles a 
day and resort is being had to various bituminous 
materials. Preliminary studies have been carried on 
in several States. To obtain good results with this 
type, correct maintenance is as necessary as first-class 
construction. 

V. R. Burton, of Michigan, presented a paper on 
mixed-in-place surfaces of stone or gravel and fuel oil, 
prepared by C. L. McKesson, of the California State 
Highway Commission. This paper was in the nature 
of a discussion of Mr. Conner’s paper. Mr. McKesson 
believes that untreated rock and gravel surfaces can 
not be justifiably termed low-cost roads when all the 
dependent costs are considered, such as. maintenance, 
replacement, interest on first cost, excessive tire wear, 
motor-vehicle depreciation, and gasoline expenditures. 
Bituminous treatments according to recent California 
and Oregon practice are believed to so reduce these 
costs that the resulting surface might be classed as a 
low-cost road. Mr. McKesson had just returned from 
a trip abroad and it is his impression that European 
highway engineers agree that untreated gravel or stone 
roads are no longer economical. 

B. E. Gray, of the West Virginia State Road Commis- 
sion, illustrated his paper on the use of soft stone in the 
construction of puddle macadam with a number of 
lantern slides. The construction of the soft sandstone 
surfaces was said to range in cost between waterbound 
and penetration macadam. ‘The annual maintenance 
costs, for traffic not exceeding 800 vehicles per day, 
does not exceed $200 to $300 per mile. 

W. A. Van Duzer, of the Pennsylvania State High- 
way Department, discussed maintenance methods and 
equipment, referring to the maintenance organization 
of his State. 

J. G. McKay, chief of the division of highway trans- 
portation and economics of the Bureau of Public Roads, 
presented a paper on traffic capacity and service of 
low-cost roads. He stated that the life costs of low, 
middle, and high-class surfaces must be determined 
before an intelligent selection of types may be made. 
Referring to the large mileages of low-type roads in the 
country, he stated that traffic studies of the bureau 
indicate that even in the densely populated State of 
Ohio, 70 per cent of the State highway system carries 
less than 600 vehicles a day. In both Pennsylvania 
and Vermont, 70 per cent of the primary road systems 
show an average daily traffic of 600 vehicles or less. 
With regard to the maximum wheel loads of trucks, the 
speaker believes that a 7,500-pound load per wheel 
will cover the maximum loading on 75 per cent of the 
State systems. Less than 1 per cent of the Pennsyl- 
vania State highway system carries wheel loads in 
excess of 9,000 pounds. 

EFFECT OF SALTS IN MIXING WATER ON COMPRESSIVE STRENGTH OF MORTAR 

the University of Texas on the effect of various 
salts in the mixing water on the compressive 

strength of mortars.’ In many parts of Texas, the 
only waters available for use in mixing concrete con- 
tain relatively large percentages of soluble salts, the 
so-called “‘gyp” and ‘‘alkali’”? waters being frequently 
encountered. It has generally been considered that 
the sulphates are the most injurious salts, and tests of 
such waters usually have consisted in a determination 
of the effect of the water on mortar strength in com- 
parison with a water of acceptable quality, with 
occasional tests of total solids and percentage of sul- 
phate ion. However, since it was not known definitely 
what percentage of sulphates might be expected to be 

AN investigation has recently been completed at 

1 University of Texas Bulletin No. 2730, Effect of Various Salts in the Mixing 
a pen ce Nectar thy Strength of Mortars, by F. E. Giesecke, H. R. Thomas, and 

. A. Parkinson. 

injurious, a chemical analysis furnished little informa- 
tion of value. 

To obtain definite quantitative results on the effect 
of some salts which might be present in mixing waters, 
a preliminary series of tests was started in 1922. 
These tests consisted of the determination of the 
compressive strength of 480 2-by-4-inch cylinders of 
neat cement mixed to normal consistency, using dis- 
tilled water with the addition of various percentages 
of sodium chloride, sodium sulphate, sodium carbonate, 
magnesium chloride, and magnesium sulphate. These 
tests were made at ages of 28 days, 3 months, 1 year, 
and 3 years. 

After these tests were started it was thought advis- 
able to make similar tests on 1:3 (by weight) sand 
mortars,.and to include some salts not used in the pre- 
liminary tests. In this series of mortars the following 
salts were used: Sodium chloride, sodium sulphate, 
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sodium carbonate, magnesium chloride, magnesium 
sulphate, calcium chloride, and ferrous sulphate. 
These tests were made on 2-by-4-inch cylinders, 
which were tested at the same ages as the neat cement. 

In each case the amount of salts used was based on 
desired percentage of negative ion in the mixing water, 
the concentrations being 0, 1%, 1, 2, and 4 per cent. 

In the main group of 1:3 mortars consisting of 700 
cylinders, the sand used was from the Colorado River 
at Austin. In another smaller group consisting of 500 
cylinders, a natural limestone sand from , Burnet 
County, Tex., having practically the same grading as 
the Colorado River sand, was used. In this latter 
group the calcium chloride and ferrous sulphate were 
omitted. 

Materials—(1) Cement: The cement used was a laboratory 
blend, made up of a mixture of two brands of Texas Portland 
cement, This blend met all of the requirements of the specifi- 
cations and tests of Portland cement of the American Society 
for Testing Materials. (2) Sand: The Colorado River sand 
consists essentially of quartz and feldspar grains, with a small 
percentage of limestone grains. The natural limestone sand 
consists of clean grains of a good quality of limestone, having 
practically the same grading as the Colorado River sand. (3) 
Water: In all of the mixes distilled water was used, with the 
amounts of salts added as required for the several groups. The 
chemical formulas on which were based the quantities of salts 
required to give the desired percentages of the various negative 
ions are as follows: 

ee —= —— ee Se - 

Molecular weight 

Material Formula 
Total | Negative 
salt ion 

POU ChlOridGsenees seer ee aes tas. NaCl eee 58. 5 35. 5 
HOGMUO SU DN StOn eee ea eaten ne ae aos | NazSOu, 10H20-___- 322. 2 96. 1 
odin Carbonate eee sesee obese ok aaC Os. See ee 106. 0 60. 0 
Magnesitim chloride] --22 29-52. ss | MgCle, 6H20----- 208. 3 71.0 
Magnesium sulphatessss-s2e- = se" =~ 2 J.) MegS0Ou, 7H20__-_-- 246. 5 96.1 
@alcinmchloridesss sa a eee Fs 3 | OaClos= 2mm Seer us bea 71.0 
errous sulpnates ess a=5 eee ee FeSOu, 7H20__-.-- 277.9 96. 1 

Fabrication of specimens.—F¥or each group of cylinders having 
the same percentage of added salt, five mixes were made on 
five different days in order to minimize accidental variations. 
Each mix was sufficient to make four 2-by-4-inch cylinders, 
which were tested at the four ages. The materials for each 
mix were accurately weighed in the proportion of 1 part 
cement to 3 parts dry sand. The amount of water for use 
with each batch was measured and the calculated weight of 
salt thoroughly dissolved in it, when it was used in the mix. 
The consistency of the mortars was as nearly as possible the 
same as the standard consistency used in cement testing. The 
mixing and molding of the specimens were carried out as recom- 
mended by Committee C9-16T of the A. S. T. M., except for 
finish of ends. 

Storage.—After molding, the cylinders were placed in the 
damp closet for approximately 24 hours, after which they were 
removed from the molds, marked for identification, and placed 
in running water in a storage tank where they were kept until 
time for testing. 

Capping and testing—A few hours before testing the cylinders 
were removed from water and capped with plaster of Paris. 
The specimens were tested in a 100,000-pound capacity, screw- 
type testing machine, a 2-inch spherical bearing being placed on 
top. 

The results of the various series of tests are given in 
the report on the investigation and comparisons made 
on the basis of the ratio of the unit strength at a given 
age for a given percentage of added salt to the strength 
for no added salt. They show that all of the sodium 
salts used are injurious to Portland-cement mortars, 
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the chloride, sulphate, and carbonate showing progres- 
sively greater reduction in strength for a given per- 
centage of negative ion. The two magnesium salts 
used have only slight effect. Calcium chloride and 
ferrous sulphate are beneficial. 

It is quite evident from the results that, so far as 
mixing water is concerned, the sulphate ion is not 
necessarily injurious to the strength of Portland- 
cement mortars. Of the three sulphates used, the 
sodium salt is injurious, the magnesium salt shows 
slight effect, and the ferrous sulphate increases the 
strength materially. 

Compared to the percentages of salts used in these 
tests, the waters from springs, streams, and wells will, 
in general, contain relatively small percentages of 
dissolved salts. From a study of the chemical analysis 
of waters from many parts of the State, it is noted 
that in the great majority of cases the total solids are 
less than 5,000 parts per 1,000,000, or about one-half 
of 1 per cent. Even if all of this amount of salt were 
sodium carbonate (which was the most injurious of the 
salts tested) this would correspond to about 0.3 per 
cent of carbonate ion, which probably would not 
reduce the mortar strength more than about 5 per cent. 

In presenting conclusions as to the results of the 
tests, attention is called to the fact that the results 
given apply only to salts present in the mixing water 
and that all brands of cement may not be affected in 
the same way. The following conclusions are pre- 
sented as a general summary of the results obtained. 

(1) Sodium salts (chloride, sulphate, and carbonate) 
are injurious to Portland-cement mortars. 

(2) Magnesium chloride and sulphate have very 
little effect on mortar strength. 

(3) In general, the strength ratios tend to increase 
with age—that is, for a salt that reduces the strength, 
the reduction is less for greater ages, and for salt that 
increases the strength the percentage increase at 3 
years is usually greater than at 28 days. 

(4) Sulphates are not necessarily injurious to mortar 
strength. 

(5) Two per cent of sulphate ion in the form of 
ferrous sulphate—that is, about 6 per cent of the salt— 
increases the mortar strength approximately 20 per cent. 

(6) Relatively few natural waters contain high 
enough percentages of total solids to make them unsafe 
for use in concrete. 

While it is probable that ferrous sulphate will not be 
present in natural water, it was included in this series 
in order to determine the effect of an iron salt on the 
strength of Portland-cement mortar. For some years 
it has been noted by members of the laboratory staff 
that natural sands containing finely divided iron oxide 
seemed to show abnormally high strengths, and it has 
been the opinion that the iron present might have some 
chemical reaction with the cement, thus increasing the 
mortar strength. The results obtained with this salt 
seem to confirm the opinion. It would be interesting 
to know the effect of some other iron salts, and it is 
believed that it would be worth while to extend this 
part of the investigation to include the effect of vari- 
ous commercially available iron salts on the strength 
and other properties of Portland-cement mortars and 
concrete. 



ELEMENTARY PROOF OF SHALE-LIKENESS OF CLAY 
PARTICLES 

By DMITRY P. KRYNINE, Professor of Highway Engineering, Moscow Superior Technical School, and Moscow Institute of Transportation Engineering 

S IS well known, one of the essential differences 
between sand and clay lies in the dimensions 
and shape of particles of both soils. Sand 

particles have thefshape of more or less large seed, and 
fine clay particles are shaped like shale or plates. 
This difference may not be established directly because 
of the small dimensions of clay particles which can 
not be isolated by any of our laboratory instruments 
for the purpose of studying them by the aid of a micro- 
scope, and in many cases the microscope is useless as 
our eye is unable to discern very small particles. 

A proof of the shale-likeness of clay particles is 
given in Doctor Terzaghi’s well-known book Erd- 
baumechanik.’ In the experiment described by Doctor 
Terzaghi, water containing suspended clay particles 2 u 
in size (1 w=0.001 millimeter) remained between two 

DEMONSTRATION OF Rise OF CAPILLARY WATER IN CLAY 

watch-glasses located at a distance of 0.1 » from each 
other, this distance being established by the color of 
Newton rings surrounding the water spots between the 
glasses. ‘The phenomenon may only take place if clay 
particles are shalelike. 

A practical highway engineer is not able to reproduce 
this experiment owing to lack of necessary laboratory 
equipment. An elementary proof of the shale-likeness 
of clay particles is given below and the suggested 
experiment can be easily repeated by anyone. 

Everybody knows that if the lower end of a tube 
filled with dry soil is immersed in water the rise of 
water due to capillary action begins. If the tube is held 
vertically it is quite natural for the level of the water 
rising uniformly in the capillary pores of the soil to 
be normal to the axis of the tube. Logically it must be 
so. If the tube is inclined the case is different. In this 
case the experiment shows that the rise of capillary 
water does not take place in the same way in the clay 

1 Published in Vienna, 1925, 
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as in the sand. With sand the level of the rising 
water is parallel to the surface of the water in the 
basin; i. e., it is horizontal. The pores of the sand 
seem to be disposed in disorder, the way of the water 
movement is relatively straight, and the capillary water 
rising to the surface passes approximately in the same 
direction through all the pores. 
Now take a tube filled with dry clay powder; natu- 

rally the bottom end of the tube must be previously 
covered with cheesecloth. Before beginning the experi- 
ment clay particles and balls must be carefully broken 
into powder, and the powder strewn into the glass 
tube slowly and with great accuracy (for instance, 
from a constant height of 1 meter and through a 
rubber tube, as it was done in the laboratory men- 
tioned below). ‘This phenomenon is similar to that 
which took place in nature many centuries ago when 
the sedimentation of many contemporary clays was 
effected in the water. During the latter proceeding 
the clay particles probably disposed their broad side 
approximately horizontally on the lower layers, one 
layer being separated from another by a thin hori- 
zontal cleft. The tube is jarred until the soil reaches 
a certain height and no further settlement takes place. 
Then the glass tube is put into an inclined position. 
and its lower end immersed in the water. The sur- 
face of contact between the soil and the water may 
be inclined or horizontal. In both cases the water 
rises as shown in the photograph; i. e., its surface is 
not parallel to the surface of the water in the basin 
but normal to the axis of the tube. This can only be 
explained by the shalelike shape of the clay particles. 
When the tube is placed in an inclined position the 
clefts between the layers also become inclined. The 
water rises through them and seeks a passage upward. 
This passage is found between the particles of the 
lower layer, then the water fills the following cleft, 
and so on. 
The device at the right of the photograph has no 

special influence on the results of the experiment. It 
is merely an overturned cucurbit with water to main- 
tain the water in the basin at a permanent level. A 
thin glass tube passes through its cork, the bottom end 
of the tube having a sloping cut. At the lowering of 
the level in the basin the air enters the cucurbit and re- 
eae a correspondent quantity of water to replace the 
Oss. 
The simple fact above described seems to be an un- 

doubted proof of the shale-likeness of clay particles. 
It was observed in the highway laboratory of the Mos- 
cow Superior Technical School. (Prof. D. P. Krynine; 
Miss Mary V. Ivanova and Mr. T. A. Oyssiannikoff, 
both graduates in civil engineering, coworkers.) 

O 
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publication to any one person. The editions of some of the publications 
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Report of the Chief of the Bureau of Public Roads, 1924. 
Report of the Chief of the Bureau of Public Roads, 1925. 
Report of the Chief of the Bureau of Public Roads, 1927. 

DEPARTMENT BULLETINS 

No. 105D. 

*136D. 

Progress Report of Experiments in Dust Prevention 
and Road Preservation, 1913. 

Highway Bonds. 20c. 
220D. Road Models. 
257D. Progress Report of Experiments in Dust Prevention 

and Road Preservation, 1914. 
*314D. Methods for the Examination of Bituminous Road 

Materials. 10c. 
*347D. Methods for the Determination of the Physical 

Properties of Road-Building Rock. 10c. 
*370D. The Results of Physical Tests of Road-Building 
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386D. Public Road Mileage and Revenues in the Middle 

Atlantic States, 1914. 
387D. Public Road Mileage and Revenues in the Southern 

States, 1914. 
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England States, 1914. 
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States, 1914. A Summary. 
407D. Progress Reports of Experiments in Dust Prevention 

and Road Preservation, 1915. 
*463D. Earth, sand-clay and gravel. 
*532D. The Expansion and Contraction of Concrete and 

Concrete Roads. 10c. 
*537D. The Results of Physical Tests of Road-Building 

Rock in 1916, Including all Compression Tests. 
oC. 

*583D. Reports on Experimental Convict Road Camp, 
Fulton County, Ga. 25c. 

*660D. Highway Cost Keeping. 10c. 
*670D. The Results of Physical Tests of Road-Building 

Rock in 1916 and 1917. 5c. 
*691D. Typical Specifications for Bituminous Road Mate- 

rials. 10c. 
*724D. Drainage Methods and Foundations for County 

Roads. 20c. 
*1077D. Portland Cement Concrete Roads. 15ce. 

DEPARTMENT BULLETINS—Continued 

No. *1132D. The Results of Physical Tests of Road-Building 
Rock from 1916 to 1921, Inclusive. 10c. 

1259D. Standard Specifications for Steel Highway Bridges, 
adopted by the American Association of State 
Highway Officials and approved by the Secretary 
of Agriculture for use in connection with Federal- 
aid road work. 

1279D. Rural Highway Mileage, Income, and Expendi- 
tures, 1921 and 1922. 

1486D. Highway Bridge Location. 

DEPARTMENT CIRCULARS 

No. 94C. T. N. T. as a Blasting Explosive. 
331C. Standard Specifications for Corrugated Metal Pipe 

Culverts. 

MISCELLANEOUS CIRCULARS 

No. 62M. Standards Governing Plans, Specifications, Con- 
tract Forms, and Estimates for Federal Aid 
Highway Projects. 

93M. Direct Production Costs of Broken Stone. 
105M. Federal Legislation Providing for Federal Aid in 

Highway Construction and the Construction of 
National Forest Roads and Trails. 5c. 
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No. *338F. Macadam Roads. 5c. 
*505F. Benefits of Improved Roads. 5c. 

SEPARATE REPRINTS FROM THE YEARBOOK 

No. *739Y. Federal Aid to Highways, 1917. 5c. 
*849Y. Roads. 5c. 
914Y. Highways and Highway Transportation. 

REPRINTS FROM THE JOURNAL OF AGRICULTURAL RESEARCH 

Vol. 5, No. 17, D- 2. Effect of Controllable Variables upon 
the Penetration Test for Asphalts and 
Asphalt Cements. 

. Relation Between Properties of Hard- 
ness and Toughness of Road-Build- 
ing Rock. 

A New Penetration Needle for Use in 
Testing Bituminous Materials. 

Tests of Three Large-Sized Reinforced- 
Concrete Slabs Under Concentrated 
Loading. 

Vol. 11, No. 10, D-15. Tests of a Large-Sized Reinforced-Con- 
crete Slab Subjected to Eccentric 
Concentrated Loads. 
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Vol. 5, No. 24, D- 6. 
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