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FREIGHT TRAIN RESISTANCE= 

ITS RELATION TO AVERAGE CAR .. WEIGHT 

PART I 

I. INTRODUCTION 

1. Preliminary. -Train resistance varies not only with the 
train speed, but also ,vith the average weight of the cars of which 
the train is composed. At a given speed the tractive effort re­
quired for each ton of weight of the train will be greater, fo1· ex­
ample, .for the train which is composed of cars of 20 tons average 
gross weight, than for the train composed of cars which weigh, 
on the average, 50 tons each. 

While this fact has been known for some years, it has found 
inadequate expression and but little application. In the establish­
ment of theil· tonnage ratings, many railroads have altogether 
ignored it. In the tonnage ratings of a few roads, this variation 
of resistance with ca.r weight is recognized to the extent of allow­
ing a difference in ra,ting between trains composed of loaded cars 
and those consisting entirely or partially of empty cars. Gener­
ally, in such systems, a certain amount is allowed arbitrarily to be 
added to the weight of empty cars in determining, for the purpose 
of rating, the weight of the train in which they are found. In 
such rating no distinction is made between loaded cars of various 
weights although such weights vary from 25 to 70 tons. A still 
smaller group of railroads have fully recognized the significance 
of the facts above stated in establishing their tonnage ratings, 
which, in such cases, are usually termed ''adjusted'' or " equated" 
ratings. Under these adjusted ratings, the actual weight of the 
train allotted to a particular locomotive varies according to the 
number of cars in the train. The ratings for the same loco motive, 
with trains of 40, 60, and 80 cars, for example, will be different in 
each of the three cases. This is, in effect, a variation of the rat­
ing with respect to the average car weights. Most of these ad­
justed ratings have been empirically determined. In the few 
cases where they rest upon experiments made to determine the 
variations in train resistance with respect to car weight, the 
data and results of such experiments have not been fully published. 
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Existing train resistance formulas likewise fail in most cases 
to take into account these variations of resistance with car weight, 
and probably much of the divergence among them is properly to 
be ascribed to this fact. 

2. Piwpose of' the Tests.-ln view of the facts just stated, it 
has seeroe<l desirable to make the tests whose results are here 
recorded. They were planned to determine the resistance of 
freight trains under the usual conditions of operation; and they 
were designed to disclose at the same time, if possible, the rela­
tion existing, at any given speed, between train resistance and 
average car weight. Since the chief use of such information is 
in the production of locomotive ratings, the conditions of the tests 
have been made like those which prevail in normal freight train 
operation. The speed range, for example, is from 5 to 35 miles 
per hour; and the trains experimented upon were trains in reg­
ular service, and usual in their make-up. The track upon which 
the tests were made is believed to be representative of good main­
line construction. 

The tests have been conducted by the Railway Engineering 
Department of the University of Illinois as part of the research 
work of the Engineering Experiment Station. They were begun 
in April, 1908, and were completed in May, 1909. All tests were 
made by means of Test Car No. 17, a dynamometer car, owned 
jointly by the University of Illinois and the Illinois Central Rail­
road, and were carried out on the Chicago division of this road. 

In Part I of this report, the aim has been to present as brief 
a statement of the results and conditions as is compatible with a 
clear understanding of the tests. It consists, accordingly, of a 
discussion of the results of the experiments, prefaced by a general 
statement of conditions and methods. The final results are exhib­
ited in Fig. 11, in Table 3, and in equations 1 to 13, on pages 33, 
3-!, and 35. A summary of the test conditions and the conclusions 
is inserted on pages 5 to 7. Part II of t he report has been 
added in order to complete t he record so that those interested in 
the details may verify or modify the results and conclusions pre­
sented in Part I. It consists of appendixes in which the aim 
has been to state fully all the conditions of track, weather, and train 
make-up, as well as to present the test data, the methods of cal­
culation, and the results. 
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Throughout the report, the terms "resistance'' and "train re­
sistance'' mean the number of pounds of tractive effort required 
for each ton of the train in order to keep it in motion on straight 
and level track, at uniform speed, and in still air. The report 
deals exclusively with the resistance of the train behind the loco• 
motive tender. Locomotive and tender resistance are not dis­
cussed. 

3. Aclcnowledr1ments.-The tests have been made possible 
through the interest and cooperation of Mr. William Renshaw, 
Mr. J. G. Neuffer, and Mr. R. vV. Bell, who were successively 
superintendents of machinery of the Illinois Central Railroad, dur• 
ing the period of planning and conducting the work. Many 
other officials of the Chicago division of the road have rendered 
generous assistance in the investigation, which has entailed for 
them not a little inconvenience and labor. Such interest and as­
sistance are thoroughly appreciated by those of the University 
staff who have been concerned with the work. 

Throughout the tests, the operation of the dynamometer car 
and the making of the calculations have been under the direct 
supervison of F. W. Marquis, Associate in the Railway Engineer• 
ing Department, Engineering Experiment Station. Much of what. 
ever accuracy and reliability have been attained in the investiga­
tion is due to his intelligent and painstaking care in making the 
tests and in systematizing the work of calculation. He has also 
rendered great assistance in supervising the preparation of the 
tables and illustrations, and in the final checking of the manuscript. 

II. SUMMARY AND CONCLUSIONS 

4. Smnmary.-The report deals with tbe results obtained 
from tests of 32 ordinary freight trains, whose chief characteris• 
tics were as follows: 

Maximum 
2908 

69.92 
80 

Minimum 
Total weight, tons . . ................... ·····--·· 747 
Average weight per car, tons ·· -·--··········16.12 
Number of cars in the train ...... .. ·--- ...... _ ... 26 

The trains whose average weights were less than 20 tons or more 
than 60 tons were composed of cars of nearly uniform weight; 
while those whose average car weights were between 20 and 60 
tons were either homogeneous or mixed as regards the weight of 
the individual cars. 
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The weather during the tests was geuera.Jly fair. The minimum 
air temperature during any test was 34 °F. the maxim um 82°F. The 
approximate average wind velocity prevailing throughout one test 
was 25 miles per hour; during all the others it was less than 20 
miles per hour. 

The tests were made upon well-constructed and well-main­
tained main-line track, 94 per cent of which is laid with 85-lb. 
rail, the remainder being laid with 75-:b. rail. Except through 
station grounds, where screenings or cinders are used for ballast, 
the track is full ballasted with broken stone. 

5. Conclusions.- The results of the tests are presented in 
Fig. 10 and 11, pp. 31 and 33, in Table 3 on p. 35, and in the equa­
tions on p. 34. The curves, the table, and equations are each 
different expressions of the same facts. It is believed that by their 
use the probable total resistance of entire freight trains at various 
speeds may safely be predicted, when running upon straight and 
level track of good construction, during weather when the tem­
perature is above 30° F., and the wind velocity is not more than 
20 miles per hour, provided the cive1·age weight of the cars com­
posing the train be known. 

The results are applicable to trains of all varieties of make­
up to be met with in service. They may be applied, without in­
curring material error, to trains which are homogeneous and to 
those which are mixed as regards individual car weight. 

The results are primarily applicable to trains which have been 
in motion for some time_ When trains are first started from yards, 
or after stops on the road of more than about 20 minutes' duration, 
their resistance is likely to be appreciably greater than is indicat­
ed by the results here presented. In rating locomotives, no con­
sideration need be given this matter, except in determining '' dead" 
ratings for low speeds, and t hen only when the ruling grade is 
located within six or seven miles of the starting point or of a regu­
lar road stop. 

It is to be expected that some trains to be met with in service 
will have a resistance about 9 per cent in excess of that indicated 
by Fig_ 10 and 11, due to variations in make-up or in external condi­
tions within the limits to which the tests apply. If operating 
conditions make it essential to reduce to a minimum the risk of 
failure to haul the allotted tonnage, then this 9 per cent allowance 
should be made. This consideration, like the one preceding, is 
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important only in rating locomotives for speeds under 15 miles 
per hour. At higher speeds, the occasional excess in the resist­
ance of individual trains will result in nothing more serious than 
a slight increase in running time. It should be emphasized that 
this allowance, if made, is to be added to the resistance on level 
track-not to the gross resistance on grades. 

III. TUE METHODS AND MEANS EMPLOYED IN 

CONDUCTING THE TESTS 

6. The tests were ca,rried on by means of the dynamometer 
car referred to as Test Car No. 17, which, when not in use, is 
held at Champaign, a district terminus. The car was operated 
from time to time ju the regular trains leaving this point, and the 
trains selected were partly in the northbound, partly in the south­
bound traffic. 

The plan was to determine, for each of the trains experiment­
ed upon, the relation of its resistance to its speed. This infor­
mation was to be expressed finally as a resistance-speed curve 
such as is shown in Fig. l and in the various figures given in 
Appendix 5. The trains were so selected that their average car 
weights would vary throughout as great a range as possible. As 
will later appear, this range proved to be from the weight of an 
empty gondola to that of a fully loaded car of 100000 lb. capacity. 
It was the expectation that when the resistance-speed curves of 
the individual tests were brought together, their analysis would 
reveal the relations existing between train resistance and car 
weight. 

7. During each test the following information was obtained: 
(a) The drawbar pull of the locomotive upon the train. 
(b) The train speed. 
(c) A continuous record of the time elapsed from the begin­

ning of the test. 
(cl) The pressure existing in the brake cylinder of the test 

car. 
(e) The direction of the wind relative to the direction of mo­

tion of the car. 
(f) The velocity of the wind relative to the car. 
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(g) A record of the location of the test car upon the road. 
(h) Air temperatures and other weather conditions. 
(i) Data concerning the train, such as its weight, etc. 
The information cited under items (a} to (g) was obtained in 

the form of continuous graphical records upon the chart which is 
produced by the apparatus of the dynamometer car. By means 
of this chart any of the quantities mentioned may be determined 
at any point upon the road. 

The curves of draw-bar pull and speed provide the informa­
tion essential to the investigation. Supplemented by an accurate 
profile and a record of train weight, they enable net train resist­
ance to be calculated at any position of the train upon the road. 
The time record provides a means of calibrating and checking the 
speed curve. The pressure in the brake cylinder was recorded 
merely to ma.ke it possible to distinguish those periods during 
the test when the brakes were applied to the train; it being obvi­
ously necessary to ignore such portions of the record when mak­
ing the calculations. The relative wind velocity and relative 
wind direction were obtained by means of an anemometer and a 
wind vane mounted on the roof of thetestcar. Whencompound­
ed with the known speed and direction of motion of the car, these 
data permit the determination of the actual wind direction and 
wind velocity with respect to the track. In Appendix 5, for each 
test, there are recorded this actual wind velocity and actual wind 
direction with respect to the track for each point at which train 
resistance was determined. It is probable that these wind data 
are, under some circumstances, subject to a considerable error. 
Considering the length of the run made with each train and the 
length of time it was on the road, it is believed that the wind data 
thus obtained are, nevertheless, more reliable than those which 
might have been recorded by stationary instruments located at 
one or two points along the track. Item (g), the location of the 
car upon the road, was defined by marking upon the test car re­
cord the position of mile posts and stations at the moment they 
passed the car. By means of this record, it is possible to corre­
late any position of the train with the road profile. Data concern­
ing the train were obtained by one or two observers who had no 
other duties. With the one exception noted beyond, all trains 
were weighed, to determine their tonnage. In addition to its 
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weight, there was recorded for each train, its length1
, and for each 

car, its number, kind, stenciled "light weight", gross weight, 
capacity, and the initials of the owning road. 

All test car instruments were calibrated before the tests, and 
their calibrations were frequently checked during the progress 
of the investigation. All observers were men experienced in the 
operation of the test car and many of them had participated also 
in the work of calculation and were consequently awa.re of the 
points at which alertness and care were especially needed. No 
effort has been spared, in conducting the tests, to insure accuracy 
in the data. These facts are here mentioned as having some sig­
nificance to any one who may undertake to estimate the reliabil­
ity of the results. Appendix 1 contains an illustration of one of 
the test car charts and a detailed description of the car itself. 

This report includes the data and results from tests of 32 dif­
ferent trains. For the purposes of this research, tests were made 
of twelve other freight trains; but their results were finally ex­
cluded from the report. Three of these additional tests were 
rejected because of uncertainty about the train weights; one, be­
cause of a break-down in the test car recording apparatus during 
the progress of the test; and eight were disregarded because the 
temperatures prevailing were below the range for which it was 
intended the results should apply, the lo,v temperature in some 
cases being coupled with high wind. 

IV. TEST CONDITIONS AND TRAIN DATA 

8. The Trains Tested. -The test trains were all of such make­
up as naturally resulted from the traffic conditions in the Cham­
paign yards. For most of the tests the test car was simply coup­
led into the trains selected by the trainmaster, solely with refer­
ence to his convenience in opera.ting and in returning the test car. 
As the investigation progressed, it became apparent that the 
accumulated data left certain gaps in the range of average car 
weights. There were at this stage, for example, few trains exper­
imented upon with average car weights near 25 to 30 tons, and 
none with an average car weight of 70 tons. The last six or eight 

I Train length was determined bi• counting. during the test. the number of rnil lengths cor­
responding to the length of the t rain and multiplying this number by 30 feet, which is tbe r~il 
length for this tracl<. 
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trains were therefore made up especially to supplement the data 
at these points. It should be understood, however, that nothh.g 
in this process resulted in a train make-up which was in any re­
spect unusual. All the trains tested are, therefore, such as one 
might expect to find upon any road where the traffic conditions are 
normal. They include trains made up almost entirely of empty 
gondolas\ others with considerable variation in both load per car 
and kind of car, and still others composed almost entirely of 
loaded box cars or of loaded gondolas. 

Test S-1018 demands special mention in this connection. The 
train for this test included Illinois Central Railroad locomotives 
No. 423 and No. 732, weighing respectively 145 200 and 223 600 
lb. Their combined weight constituted 13.6 per cent of the total 
train weight. These locomotives with their tenders were being 
hauled 1 'dead" and had the main rods disconnected, as is usual 
in such cases. The first is of the 2-6-0 type, the second of the 
2-8•0 type, and they and their tenders bad therefore together 17 
axles in operation. For the purpose of determining the average 
car weight for this train, these two locomotives were assumed 
to be equivalent, in their resistance, to a number of cars hav­
ing a like number of axles, i. e., 4 t cars. The results of the cal· 
culations warrant the belief that this view of the situation has re­
sulted in no material error. A study of Table 1 will make clear 
the diversity in the composition of the trains. 

All trains except No. S-1016, S -1018, S-1030A, and S-1030B 
were weighed upon one of the two track scales at Champaign. 
This weighing was done in the usual manner, by pulling the train 
over the scales and weighing the cars successively without un­
coupling them. These track scales were in good condition and 
were each inspected four times during the test period. These in­
spections disclosed a maximum error in one scale of- 1 per cent, 
in the other of-½per cent. 1'he train in test S-1016, composed 
entirely of empty cars, by an error in arrangements, left the yards 
without being weighed. The weights stenciled on the cars were 
accepted as correct in this case. The train in test S-1018 was 
weighed upon track scales in the Chicago yards; and the trains of 

I Io all parts o! the report except Appendix 2. ct.rs are desigoatcd a.s box. stock. gondola, 
H:.t. and tank cars. '!'be term box car is made to include refrigerator c,ws. the test car uod tbe 
caboose. 'l'be term gondola. includes all unrooled cars with sides , such ,is coal cars. hopper cu,. 
etc. In the tonnage records in Appendix 2, further distinctions are made. 
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tests S-1030A and 1030B were weighed in the yards at Centralia. 
In test S-1021, after leaving the yards, two cars were added to the 
train, for which the weights were determined from the stenciled 
weights and the way-bills. In tests S-1030B and S-1048 the weights 
of one and two cars respectively were similarly determined, and 
in test S-1061 the stenciled weight was used for one empty car. 
Obviously no important errors in the total tonnage have resulted 
from possible inaccuracies iu the weights of these cars. 

AU cars of all trains were of course provided with the usual 
four-wheeled truck. Presumably the majority of the cars had 
journals conforming to the specifications of the Master Car Build­
ers' Association, which for some years have required that freight 
car journals be either 3¾ in. by '7 in., 4¼ in. by 8 in., 5 in. by 9 in . 
or 5½ in. by 10 in. in size, depending upon the car capacity. It 
is safe to assume that all trucks were provided with wheels of 33-
in. standard diametel'. 

Throughout each test, observations were repeatedly made to 
discover such irregularities as hot journal boxes, brakes which 
were not free from the wheels, and trucks which did not freely 
follow the track. Sue~ things occurred to the usual extent; a hot­
box or two or an unreleased brake being occasionally found on 
some of the trains, while others were entirely free from such de­
fects. The record of such matters was given consideration in 
making the calculations; but, as was anticipated, the results 
showed no discrepancies which could be explained by such causes. 

The range over which the train data for all of the tests varied 
is as follows: 

Minimum ~faximum 
Total train weight, tons ... ...... . . ............ . 74 7.. . . . . . . . . . . . . . . . .... 2908 
Average weight of cars com posing the train,tons 16.12 ............. . ..... 69Jl2 
No. of cars in the train . . ....................... 26 .................... ..... 89 
Train length, feet ...................... . ........ 1120 ............. . ...... 3-!80 
Complete information concerning each train is given in Appendix 2. 

9. The '.frack.-The track upon which the experiments were 
carried on extends from Gilman to Mattoon, Illinois, a distance 
of 91 miles, and lies upon the Chicago division of the main line 
of the Illinois Central Railroad. Until about ten years ago this 
was a single track road, and one of the oldest in the State. At 
that time a second track was constructed, and the roadbed for 
both tracks is now well settled and in good condition. The maxi-



'l.'cst No. 

Test Laborn- Date tory 
Serial 

No. 

2 

S-1013 4-27-08 
S -1015 4-29--08 
S-1016 4-30--08 
S-1017 6- 1·08 
S-1018 5- 2--08 
$-1019 f,- 9-08 
S-1021 6-13-08 
S-1023 6-23-08 
S-1021 7- 2-08 
S-!030A 7- 8-08 
$ -1030B 7- 8-08 
S-1031 7-22-08 
S -1033 9-26-08 
S-1034 10-3·08 
S -1036 l0-10-08 
S-1038 10-16-08 
S-lQ.lO 10-24--08 
S-10!3 11-7-08 

S -ICHS 11-28--08 

S-l050 1-23-09 

TABLE 1 

A. SUMMARY OF TEST CONDl'.rIONS AND TRAIN DATA 

Weather Conditions '11rain Data 

Weights Train Jlfake-Ut> 
Range ot tile "' Air '.l'em- ~ .., .. 

Kind of Cars- Io Direction of the " .. perature 
s:l~s.. Wind with Respect ~ 
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S-1052 1-28-09 Wet 36 
S-1057 3- o-09 Fa,ir 3-1 
S -1061 3-13-09 

.. 4 I 
S-1063 3-19-09 Wet 3l) 
S -1070 4-17-()9 Fair 58 

40 JI -45°L + 10°L 2430 1514 
40 10 + 20°R - 35CL 1830 2107 
38 7 + 45°L -85°L 1785 2252 
40 12 + 20°R + 10° R 3060 l48t 
71 4 + o• -65° L 2400 162-Z 

S-1072 5- 1-()9 .. 35 
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S-1074 5. 7-()9 45 
S -10i6 5-11-()9 51 
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S-1080 5-21-0II 50 
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70 II + o• +45°L 2550 1347 

21.80 61 44 17 
41.32 51 8 43 
51.20 44 3 41 
20.04 74 70 4 
24.60 66 49 17 
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Notes: I. Columns 7 and 8- Direction is desi&"no,ted by the angle made with the track. A wlncl any component of whose velocity helps the traiu 
forwitrd is marked + : winds with opposing velocity components are marked-. \Vinds from the right side of the track are designated as 
R. from the left side as L. 'l'hus + 40°R means a wind blowing from the rear tmd from the right band side, whose direction makes an 
angle of 40° with the traclc 
2 •Columns \ I and 12-'l'rain has two "dead .. locomotives ancl tenders in addition to cars 11oted. 
3. •column 16 -inc.Judes 15 stock cars classed as box. 
4. All data apply to the train onl y-engine and tender are excluded. 
5. Columns 9 to 19: a.-from Champaign to Rantoul: b.-from Rantoul to Gilman. 
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rnum grade against northbound traffic is 29 ft. per mile and 
against southbound traffic, 31. 9 ft. per mile. In all the 91 miles 
there are only 7850 ft. of curved track. 

Through station grounds the tracks are ballasted with screen­
ings or cinders; all other portions of both tracks (about 83 of the 
91 miles) are full ballasted with broken limestone. The cross­
ties are of oak, laid 20 in. center to center. About 10¼ miles of 
the west track are laid with 75-lb. A. S _ 0. E rail, put down in 1894 
and 1895; while the remainder of the west track and all of the 
east track are laid with 85-lb. A. S. C. E rails, the oldest of which 
was put down in 1900. During eight months of the year there is em­
ployed in maintaining this portion of the road a force of men 
which averages one man per mile of track; during the other four 
months this force is reduced to one man for each two miles. Fur­
ther details concerning the track are given in Appendix 3. As 
regards both its construction and maintenance this track is such as 
one may expect to find upon the main lines of first-class railroads. 

These 91 miles of track were especially surveyed, immediately 
preceding the tests, b;r the Railway Engineering Department of 
the University for the purposes of this and similar investigations. 
The levels were run on the east track and readings were taken to 
0. J ft. at stations 300 ft. apart; and turning points were taken at 
every fourth station where levels were read to 0.01 ft. The 
results of the survey are expressed in a profile drawn to a scale 
of J in. to 100 ft., which was used in making the test calculat,ions. 

10. 'l'he Weather Gonrlitions.- In Table 1 the weather pre­
vailing during each test is designated as either fair or wet, wet 
weather meaning either continuous or intermittent rain. During 
7 of the 32 tests the weather was wet. The lowest air tempera­
ture recorded at any time during any test is 34 ° F.; and the highest 
recorded temperature is 82° F . 

The column headed "average wind velocity" in Table 1 pre­
sents the avernges of the calculated wind velocities derived for 
each point or section of the test in question for which the train 
resistance was· determined. An inspection of the tables in Ap­
pendix 5 shows a considerable variation between the wind veloci­
ties at different points during the same test. The approximate 
m_aximum average wind velocity prevailing during any test was 
25 miles per hour; the minimum was 4 miles per hour. The 
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actual wind direction ( with respect to the track) varied during the 
tests. as would be expected, through the entire 360°. The tables 
in Appendix 5 show this direction for each point at which train 
resistance was computed; but it seems impossible to make any 
useful generalization of the data there presented. 

It was intended to so select the tests that the weather condi­
tions, the temperatures, and the wind velocities would be such as 
usually prevail in most parts of the country from the middle of 
spring until the middle of autumn when the basic or ''summer" 
tonnage ratings are in force-such conditions, in short, as would 
give rise to no appreciable difficulties in train operation. 

V. METHODS EMPLOYED IN CALCULATING THE RESULTS. 

11. The immediate purpose in making the calculations was 
to produce fot· each test a curve showing the relation between 
resistance and speed, for as great a variety of speeds as the data 
would permit. This involves calculating the train resistance at 
various positions of the train upon the track, and the first step 
towards this end is the inspection of the test car record in order 
to select suitable points or sections at which the resistance may 
be calculated. The considerations of first importance in this se­
lection are that the points represent finally as great a speed range 
as possible, and that the speeds be approximately evenly distri­
buted within this range. Points and sections were selected only 
where the entire train was running and continued to run upon 
straight track; resistance due to track curvature is therefore en­
tirely eliminated. The data essential to the process of calculation 
are the draw-bar pull of the engine, the train speed and its accel­
eration, the tonnage, and the profile. The pull and the speed, as 
previously stated, are determined from continuous curves drawn 
on the test car chart. Two processes have been used, designated 
here as Method 1 and Method 2. By Method 1, the momentary 
values of pull, speed, acceleration, and grade were determined 
for a particular position of the train upon the road; by Method 2 
the average values of these quantities were determined for the 
period during which the test car was passing over a definite sec­
tion of the track. 

12. Met!torl 1: Resistance at a Point on the Road.- The point 
having been chosen, the J.;>Ull and the speed were found by direct 
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readings from the chart. This pull divided by the tonnage gives 
the gross train resistance at this speed, and this gross resistance 
was next corrected for both acceleration and grade resistances. 
The acceleration was determined by graphical methods from the 
speed curve, and the grade was found by correlating the train's 
position with the profile. The points were all so selected that at 
the moment under consideration, the entire train was on a nearly 
uniform grade. Method 1 results in momentary values of train 
resistance at the points considered. 

13. JJfethod f : Avera(le Resistance Over a Section.-By this 
method the average value of train resistance was determined 
for the period during which the test car at the bead of the 
train was passing a selected section of the track. This track sec­
tion corresponds to a certain length or section on the test car 
record. It was so selected that the speed of the car when 
entering was nearly equal to its speed at exit, and further so 
that no considerable variations in speed occurred during transit 
over the section. The sections chosen have varied in length 
from about t mile to 1 mile. The variations in speed in passing 
the section have generally amounted to less than 2.0 miles per 
hour, and the maximum variation over any selected section is 
11.7 miles per hour. In only 58 cases out of a total of 560 does 
this speed variation exceed 5.0 miles per hour. These portions 
of the chart having been chosen, the average pull was next found 
by determining the average ordinate of the curve of draw-bar pull, 
and the average speed was found by means of the section length 
and the time record. Gross resistance in pounds per ton was next 
derived by dividing this value of pull by the tonnage, and this 
gross resistance was then corrected for the resistances due to 
acceleration and grade, as in Method 1. 

In this case the average acceleration is found by considera­
tion of the speeds at entrance to and exit from the section. In 
order to correct for grade, the elevation of the center of gravity1 

of the train was determined for that position of the train at which 
the test car entered the section, and again for the position at which 
the car left the section. The difference between these elevations 

1 Tbe location in tbe train of its center of gravitJ w:i.s determined tbus: Assume a trai a 
wbicb welgbs 1800 tons, is 2400 feet long. and is comvosed of 60 cars. By inspection of the ton­
nage record we find that one half of this weight (000 tons) lies in the first 25 cars. Hence the 
center or gravity is located ~8 x 2400 = 1000 ft. !rom the front end. 
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~stablishes the effective average grade, which either helps or op­
poses the locomotive while the train passes the section. These 
elevations of the center of gravity of the train may not be deter­
mined with sufficient accuracy unless the train at the moment is 
on a practically uniform grade. The section limits were therefore 
so chosen. 

Method 2 results in a value of avern§e train resistance for the 
average speed at which the train passes the seetion under considera­
tion. It would be rigidly correct if train resistance varied uni­
formly with speed, in other words, if the curve showing the rela­
tion of resistance to speed were a straight line. This, of course, 
is not the case, and the process therefore gives results which are 
slightly in error. However, as stated above, the section was so 
chosen that the difference between the speeds at entrance t-0 and 
exit from the section was small; and for the speed range repre­
sented by this difference, the curve of train resistance deviates 
but little from a. straight line. Such error as does result from 
the process is, therefore, very small and is of no moment what­
ever when compared with variations, due to natural causes, which 
occur in the resistance itself. 

14. Comparison of llte Two Jllethods.-Tbe two methods are 
fundamentally alike. Although the first is the less laborious, it 
requires the determination of acceleration at a point on the speed 
curve, which it is sometimes difficult to make accurately. For this 
reason the second method is generally preferable. Method 2 is 
also to be preferred because it deals with average values and 
therefore tends to eliminate from the results the incidental momen­
tary variations which occur in the resistance itself. Consequent­
ly, the second method has been employed whenever possible, and 
the first method has been resorted to, as a rule, only in those cases 
where the limitations imposed in the selection of sections for Me­
thod 2 would have resulted in too few values from which to plot 
the resistance curves. Of all the individual resistance values incor­
porated in the report, only 32 per cent were determined by Method 
1. The care exercised in the calculations, and a study of the 
plotted values obtained by both processes, seem to warrant the 
conclusion that their results are equally reliable. In Fig. 1 and 
in the figures in Appendix 5, the circles represent values derived 
by Method 1, and the circular black spots represent values ob­
tained by Method 2. 



18 ILLINOIS ENGI:::-IEER!NG EXPERIMENT STATION 

15. General Considerations. - Even in freight train operation 
t he tractive effort required to produce acceleration in the speed 
is frequently greater than that required to overcome all other re­
sistances combined. To produce, for example, an acceleration of 
0.1 mile per hour per second, requires a tract ive effort of about 
9 lb. per ton, in addition to that required by net train resistance 
and grade resistance. Since the acceleration resistance may 
constitute so large a proportion of the gross resistance, it is im­
portant that its determination be made with great care. This fact 
bas been impressed upon all who were concerned with these tests. 
In calculating the acceleration resistance, both the fol'Ce required 
to produce acceleration in the rotation of the wheels and axles, and 
the force required to produce the acceleration in the motion of 
translation of the train as a whole were determined. 

The test car records make it possible to distinguish those por ­
tions of each test where the brakes were applied. Such places, 
few in number, were of course avoided in selecting points and sec­
tions for determining resistance. The records also show where 
hot-boxes and unreleased brakes were discovered in the train, and 
such defects were given consideration in making the calculations. 
They occurred infrequently and their effect could not be distin­
guished in the results. While therefore such portions of the re­
cord were avoided if convenient, sections and points on the charts, 
otherwise suitable for calculation, were not rejected on these 
accounts. 

16. The E.t}ect of Stops in J,imiting the Selection of Points and 
Sections.- Early in the progess of this work, when low air tem­
peratures were first encountered, it became apparent that when 
the train was first started from rest, its resistance, calculated 
for a number of points at which the speed was the same, 
was occasionally unusua1ly high. This was true not only for 
those port ions of the run made immediately after leaving the 
yards; but also for those portions immediately following stops 
on the road. In a certain test, for example, the values of net resis­
tance, calculated at various points, at all of which the speed was 
20 miles per hour, varied between 6.8 lb. and 5 lb. per ton-a dif­
ference of 27 per cent-for points selected within the first 9 miles 
of the run; whereas values of resistance at the same speed, deter­
mined later in the test, differed by only 10 per cent. 'I'he air tern-
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perature during this test (not included in the report) varied be­
tween 22° and 26°. 

For a number of tests such resistance values were plotted with 
respect to the distances from the yards of the points to which they 
apply. This process disclosed a surprisingly regular decrease in 
the resistance until a distance of approximately ten miles was 
reached, after which the resistance had settled down to a fairly 
uniform value. Similar variations were found to occur to some 
extent during tests wben the air temperature was as high as 50° 
or 60°. This study1 led to the conclusion that this difference in 
resistance was due to variations in the conditions of lubrication of 
the car journals, and that such variations were chiefly caused by 
changes in journal temperature. All thh:: is, of course, in accord 
with the common belief of those experienced in tra in operation. 
The reason for discussing it in this place is that the facts stated. 
have influenced the procedure in making calculations for this series 
of tests. 

Since the variations in resistance are so great during the early 
part of the run, no point or section has been selected for calcula­
tion within about the firs t ten miles of any test. If other points 
or sections, located farther from the start, were near stops, such 
points were rejected unless further investigation proved that at 
these places the train resistance had become nearly uniform in 
value. Fortunately, the operating conditions were such as to en­
tail few stops on the road, and the selection of points and sections 
for the calculations has not been unduly limited on these accounts2

. 

The effect of these limitations is to make the results of this 
investigation primarily applicable to trains which have been in 
motion for some time. Since, however, stops are not usually made 
upon ruling grades,and since if stops are made at other places on 
the road, the locomotive has available tractive power in excess 
of the requirements, the results of these tests are generally appli­
cable in the solution of tonnage rating problems, except where 
the ruling grade occurs near a yard or other point where the trains. 
are made up. In such cases the tonnage determined from the re­
sistance curves here presented may prove to be somewhat too great. 

t Further investigation o f this miitter is in progress. ,\nd the results will probabl y be pub­
lished soon. 

2 During tbe 32 tests included in the im•cstigation only 68 stops. all told. were made after· 
leaving 1,he yards. Of these. one was of 55 minutes duration. n i ne lasted between 20 and 40 
minutes. twenty-two between JO and 20 minutes. a.od thirty -Six less than JO minuws. 
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17. The Derivation of the Resista1we Cw"!Jes.-rrhe calculations 
result, for each test, in a series of values of net train resistance 
at a variety of speeds. These values of resistance were plotted 
with respect to speed, and gave such a diagram as in Fig. 1. 
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il'IG. l Tm~ RELATION OF RESIS TANCE TO SPEED 'FOR TES'l' S-l02L 

The curve, such as is shown· tbere, was next drawn to express, 
for the test in question, the relation existing between resistance 
and speed. In order to draw this curve, the plotted points 
were assumed to be ananged in a number of groups, and for 
each group the a,verages of the values of speed and of resistance 
were determined. By these averages a new point or "center of 
gravity" of the g1·oup was then plotted. 'l'he curve was drawn 
by confining attention to the few points thus determined. The 
groups of points were arbitrarily selected so that the resulting 
"centers of gravity" would be distributed nearly equidistantly 
throughout the speed range. All curves presented in the report, 
except those exhibited in Fig. 11, were drawn by this process. 

All reasonable precautions have been taken to attain accuracy 
1n the calculations. In determining each value of resistance, 
.each step in the process was duplicated at a different time and 
-generally by a different person. The transcription of all tables, 
·the plotting of points and the drawing of curves have been sim­
~larly checked. 
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VI. 'l'HE RESULTS OF THE TESTS 

21 

18. Results of the Individual Tests.-The immediate result 
of each test is a curve which shows for the train under consider­
ation the relation existing between train resistance and speed. 
F ig. l is such a curve derived from test S-1021; similar curves 
for the other tests are exhibited in Appendix 5. Fig. 1 is fairly 
representative of the entire group of curves, and snch discussion 
of it as follows is general in its application. 

'l'he plotted points1 show unmistakably an increase in resistanc':! 
as the speed increases, and the curve drawn represents the mean 
relation between resistance and speed. In Fig. 1 the maximum 
variation from this mean of a.ny calculated value of resistance is 
about 20 per cent; the next largest variation is 16 per cent and 
other calculated values of resistance differ from the values 
determined from the curve by generally less than 10 per cent. In 
a majority of the tests the maximum variation is less than in Fig. 
1, and the general agreement between the calculated values of 
1·esistance and the ordinates of the curve is better than in the 
test chosen for illustration. 

It has been thought desirable to express more specifically 
this variation between the calculated values of resistance and the 
mean values as derived from the curves drawn. To this end, for 
all tests, all calculated values of resistance for speeds between 8 
and 12 miles per hour were compared with the 01·dinates of the 
curves at the conesponding speeds and the percentage difference 
was determined in each case. These percentages were then ar­
ranged in two groups and averaged. The one g roup included the 
results from all points lying above the curve, the other from those 
lyiug below it. The whole process was next repeated for speeds 
between 28 and 32 miles per hour. 'I'he results are as follows:-

AVERAGF. DEVlATlON (FOR ALL TESTS) OF CALCULATED RESISTANCE FROM 

TnB iVfEAN VALUJsS D~;RIV&D FRO)I 'fllB CURVE!'-- 1\:XPRESSED [::­

l'ERCl<:N'l'AGE OF THE MEAN VAT.URS. 

Speed I AboYC the Mean Below the Mean 

8 to 12 m. p, h. I 0.4 per cent 7.6percent 
28 to 32 m . p. 11. 5.6 per cent __,__,::.;6-c:::c6,;;;Pe:::.:.r..:::ce:::.:.n:.,.t _ 

I The numbers shown near the points are the item numbers of the tables in Appendix 5. 
'rhe t,ibles exhibit the calculated ,·alues of resistance :ind s1>ec<l. whi~h are the co-ordinates 
of the plotted points. 
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Such variation seems not unduly gt'eat for this class of exper 
imental work. 

These d ifferences may be due in part to accumulated errors 
in instruments or in the calculations. In all cases, however, 
where the calculated value of resistance varied by an unusual 
amount from the mean, all calculations leading thereto were re­
peated a second time and errors thus discovered have been elim­
inated from the report. The explanation for such differences 
need not be sought further than in the variations which actually 
occur from time to time, in the resistance itself. Variations in 
such components of train resistance as flange friction and wind 
resistance are probably sufficiently great to account for the dif­
ferences discussed above. The data do not permit the influences 
of such components of resistance to be differentiated. 

The curve drawn for each test has been accepted as repre­
senting the average values of net train resistance with a degree 
of accuracy sufficient for the purpose of rating locomotives. Such 
temporary excess of resistance as may be expected to occur will 
generally be absorbed in that reserve in the tractive effort of the 
locomotive which must be allowed in any system of tonnage rating. 

19. Results of All the Tests.-The resistance curves for the in­
dividual tests have all been brought together on one sheet, a re­
production of which is shown as Fig. 2. The curves there drawn 
are duplicates of those separately shown in Appendix 51

. Fig. 2 
displays the immediate results of the whole research. The lower 
curves give values of resistance varying from 3 lb. to 5½ lb. per 
ton, while the upper curves show resistance values varying from 
7 lb. to 14 lb. per ton. Resistance values at the lower speeds differ 
by 100 per cent, and values at higher speeds differ by as much as 
200 per cent. If further analysis had not revealed the cause of 
the great variation in resistance here shown, Fig. 2 would have 
remained a useless exhibit. 

The explanation of this variation has been sought in the test 
conditions enumerated below, each of which, it was conceived, 
might have contributed in some degree to bring about the dif­
ferences disclosed in Fig. 2: 

(a) Weather and temperature conditions. 
(b) Wind velocity and direction. 

1 Tbenumbers shown on the curves are tbe last two figures or the test numbers. Tbe curve 
marked 43 is derl ved from test S- 1043. 
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(cl K ind of cars composing the train. 
(cl) Position of the loaded cars in the train. 
(e) Defects in train equipment. 
(r) Average weight of the cars in the train. 
The fii·st five conditions a.re either uncontrollable or \Vere 

purposely not controJled during these experiments. Attempts to 
explain the differences between the curves of Fig. 2 by reference 
to one or the other of these five factors have been altogether un­
successful. While it is true that difference in wind velocity, for 
example, might be accepted as a plausible explanation of the dif­
ferences between two or three curves selected at random from 
Fig. 2, such explanation will not hold when applied to two or 
three other curves similarly chosen; and it fails altogether to ex­
plain such differences when it is applied to the whole group. 'rhe 
same remarks apply to attempts to explain the differences between 
the curves of Fig. 2 by referring them to any other of the first 
five items cited above. 

Item f, however, has furnished the clue whereby the appar­
ent confusion in the results of the tests, as exhibited in Fig. 2, 
has been explained. It may be stated at once that the di:fference 
in train resistance for various tests is believed to be due chiefly 
to differences in the average grnss car weights existing during 
the tests. An explanation of the process which led to this opin­
ton follows immediately below. As was stated at the out:;et, this 
conclusion was anticipated when the work was begun, and the 
average car weight was therefore controlled during the experi­
ments, and made to vary through the widest possible range. 

20. The 1;rtects of Car 1Veiaht on Resistcince.·-The four upper 
curves of :B'ig. 2 are derived from trains in which the average 
weight per car was about 1(j or 17 tons. The lowest curves al'e 
those derived from trains in which the car weight was nearly 'iO 
tons. These facts serve as a rough indication of the part played 
by car weight in effecting changes in train resistance. This in­
fluence is more definitely brought out in the following discussion. 

If from each of the curves of F ig. 2 the value of resistance is 
determined at one speed, say 5 miles per hour, these values of 
resistance may then be plotted with respect to their correspond­
ing values of car weight; and, since the speed is common, its in­
fluence is eliminated and the resulting diagram may be expected 
to reveal the relation existing between train resistance and aver-



SCHMIDT-FREIGHT TRAIN' ltESISTANCE 25 

age weight per car. Table 2 was prepared to facilitate this pro­
cess. In it the tests are arranged in the order of the average car 
weights. These weights are given in the second column and in th~ 
succeeding columns are set down the resistance values obtained 
from the curves of the individual tests, for each of seven different 
speeds. Table 2 therefore presents the values of the coordinates 
of seven points on each of the curves of Fig. 2 and hence, like 
Fig. 2, summarizes the immediate r esults of all tests1

. 

'l'AHLE 2 VALUES Ol~ RESCS'rANCi,; A.T V AlUOUS SPEED$. DELtIV i,;D FROM 

THE CURVES FOR T HI<: lNDlVIOU AL Ti!:51'S. 'racs 'rAllL8 PROVIDES THE 

CO-ORDINA'ri.;c; OF 'l'HE POLNl'5 PLO'l'l'ED [:-1' FIG. 3 TO n . 

' l'eSL 
~o. 

,H016 
S- 10:H 
S- 1074 
~ - 1043 
f:i-1019 
S-1003 
S- 1031 
S-1080 
S- 1070 
S- 1052 
S- 1018 
S - 1077 
S- 10,11 
S- 1015 
s i036 
S- 1013 
S- 1017 
S- 1023 
s - 10:;o 
S- 1057 
S- 1018 
s 1040 
S- 1021 
S- 1027 
S- H)(ll 
S- 10:l.'l 
S- IO:l8 
S- 103013 
S- iG:lOA 
S- 1012 
s -101:1 
S- 1076 

--

16.12 
16.56 
16.56 
16.92 
17.7:? 
20.01 

I 
20.n 
21.<10 
21.60 
24 .llO 
;?:).40 
28.40 
3:l.Ol 
36.0S 
37.72 
38.0-1 
38.H 
38.7;~ 
10.44 
41.32 
4:).;?.t 
45.76 
46.16 
47.H 
51.20 
51.72 
52 28 
57 .12 
59.Hq 
66.40 
67.16 
69.92 

-

; ,:;15 7.-IO 
8.10 8.70 
6.92 8 .23 
8.50 8 .61 
7.30 7.47 
6.!)8 7. 13 

G. 21 
4 .40 5.57 
5.93 6.03 
7 55 7.6:l 
5.80 5.95 
4 .32 4.91 
:J.66 -1.30 
5.20 5.36 
4.98 5-03 

5.40 
5.90 ::,.9;) 
4.16 4.80 

5. 10 
:J.40 :l.88 

I 4.05 4.35 
4.22 1.30 
4.21 4 .41 
4.31 4 .48 
3.00 1.00 
4 .10 4 . 1:, 
3 .30 3.50 
3.73 3.xo 
3.R-1 3 ,88 
3.40 3.50 
2.52 2.00 
2 .97 3.13 

7.62 8.37 9 .91 

I 
12.22 I 

9.92 11.90 14.:l() 
10 .10 12.32 14.70 
8.8/i 9.30 10 .00 10.9;; 12.01 
7.90 8.85 10.32 
7.43 7 .90 8 .6H 9.63 
6. :lO 6.40 6.W 7.60 8.91 
6.75 7 .94 9 .15 l 0.3J 11.::,.:) 
7.47 8 .57 9.90 
7.R0 8. 10 8 .5.5 9.20 10.0;; 
6.20 6.63 7.22 8.26 1(1. (\2 

5.58 6.3-1 7. 15 8.01 8.96 
4.92 5.80 6.22 6.89 'i .5f> 
5.52 5.iO 6.02 6.71 7.95, 
5. 12 ,). 15 5 ,:11 5.88 '7 . 15 
5.65 5.95 6 .32 6.9() 7 .6!< 
6.02 6.20 6 .4!, 7.01 8 .U3 
5.56 6.40 7.30 8.25 
5.2=> 5.40 5 .6;? 5.90 6.3H 
4 .35 4 .83 5.31 5.SO 6,3() 
4 .80 5A8 o.ao i .23 
4 .40 4 ,58 4.90 a.52 6.53 
4 .72 5 .29 6 .15 7.20 8.40 
1.67 -1 .90 5.22 5.79 6.5."• 
4 .51 5.01 5.51 6.01 6.!)3 
4 .20 4 .:?.) 4.3t ·1.-10 4.65 
3.71 3 .95 4 .25 4.60 5.08 
:l-82 :l .00 4.10 4. 1iO 
3.92 4.10 4 .-15 4.95 
3.70 

I 
4. 10 4.61 5.27 6.00 

:i.:io 3.70 4 . 10 4,c,v 4 .\lO 
3.37 8.70 4.0l I 1.49 4.95 

In Table 2 the second and third columns present a series of 
values of average car weight and of train resistance at 5 miles 
per hour. Each pair of these values represents the results of 

I Table 2 has been prepared from the original curves ol the individual tesLs. only one of which 
is separatel y presented in Part I (see Fig. I ). It i,ivcs no information not obtainable from Fig, 
2. but presents the information in morn convenient form . since the number of curves drawn in 
Lhc tigure m:>kes it confusing. 
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one of the 32 tests. Using these pairs of values as coordinates, 
a series of points has been plotted to form a new diagram, Fig. 3, 
For example, the point marked 21 in Fig. 3 is derived from the 
curve of test S-1021. The curve of resistance for this test (see 
Fig. 1 or Fig. 2) shows that at 5 miles per hour the mean resis­
tance is 4. 21 lb. per ton. During this test the average weight of 
the ca1·s in the train was 46 .16 tons. Table 2 also exhibits both 
of these values which, when plotted in Fig. 3, determine the point 
there marked 21. The other points of Fig. 3 were similarly 
determined. Each point represents the value of resistance at 5 
miles per hour derived from a particular test train. 

Although there is considerable variation among the points of 
Fig. 3, they indicate clearly a decrease in the rnsistance as the 
car weight increases. The curve drawn in Fig. 3 represents, for 
the trains testerl, the mean relation which existed between resis­
tance at 5 mile~ per hour and the average car weight1• For 
higher speeds this relation between resistance and car weight is 
shown by Fig. 4 to 9, which were derived by the same methods 
employed in producing Fig. 3. 

The variation in resistance represented by the points in Fig. 
3 to 9 is sufficient to warra.nt further discussion. Such discus­
sion will, however, be postponed until later in the. report. The 
conclusion reached is that these val'iations are largaly caused by 
factors which are uncontrollable in ordina.ry train operation. 1f 
.this be admitted, it is clear that the discussion of such variations 
may enter into the solution of tonnage rating problems only as an 
argument for reserve tractive effort in the locomotive. An esti­
mate of the desirable amount of such reserve appears beyond. 

The curves of Fig. 3 to 9 have been accepted as representing, 
for these tests, the mean relation which existed between train 
resistance and the average gross weight of the cars composing 
the trains. These curves exhibit this relation at seven different 
speeds, 5, 10, 15, 20, 25, 30 and 35 miles pe1· hour. For conven­
ience in use and to make comparison easier, these seven curves 
have been brought together in one diagram ,vbi.ch is reproduced 
in Fig. 10. 

I As has been previously explaioed. the curve is drawn by findiosc the "centers of grnvity" 
or several l!'roups vi points 'rhesc centers are defined in Fig. 3 to 9 by t he crosses within 
circles. Points 34 and 74 were virtually Ignored in drawing the curves or Fig. 6 and 7. 'l'be 
numbers at the points are the last two figures of the test numbers. 
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Fig. 10 presents the final r esults of the whole research. 
Each of the curves there drawn shows the mean relation, which 
existed during the tests, between car weight and resistance at a 
definite speed. 

It is believed that the curves of Fig. 10 are generally appli­
cable to ordinary American freight trains, provided the conditions 
surrounding their operation are like those which prevailed during 
these tests. The curves of F ig. 10 enable one to determine the 
probable mean resistance of any such train, at speeds between 5 
and 35 miles per hour, provided the average weight of the cars 
composing the train be known. 

21. The Results Expressed as Resistance-Speed Ciwves. - While 
Fig. 10 presents the main results of the experiments, the form in 
which these results are there expressed is unusual. Ordinarily, 
train resistance is expressed either as a curve or equation which 
defines the relation between resistance and speed, instead of the 
relation between resistance and car weight as in F ig. 10. Obvi­
ously, to express t he results of these experiments in the usual 
form, a single curve will not suffice, since the influence of car 
weight cannot be thereby made evident. A number of curves will 
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be required for this puepose each of which will apply only to a 
definite average car weight. Fig. 11 presents such a group of 
resistance-speed curves, which have been derived directly from 
the curves of Fig. 10. Fig. 11 therefore exhibits in different 
form only such information as is obtainable from Fig. 10. 

The relation between the two figures may be made clear by ex­
plaining the derivation of the upp,er curve in F ig. 11,- the one 
applying to a car weight of 15 tons. In Fig. 10 the ordinate cor­
responding to an average car weight of 15 tons cuts the seven 
curves there drawn at 7 points, at which the mean resistance val­
ues are 7.62, 8.20, 8.81, 9.56, 10.37, 11.24 and 12.25 lb. per ton, 
corresponding to speeds of 5, 10, 15, 20, 25, 30 and 35 miles per houl', 
respectively. These values are the coordinates of 7 points on a 
resistance-speed curve applying to a car weight of 15 tons. 
These 7 points have been plotted in Fig. 11 and the upper curve 
there shown has been passed through them and extended to 40 
miles per hour. The other curves of Fig. 11 were derived by a 
like process. In the original diagram three additional curves, 
corresponding to 55, 65, and 70 tons per car, were drawn. These 
three curves have been omitted from the figure to avoid confu­
sion. Fig.11 reproduces quite exactly the facts presented in Fig. 
101; and presents the final results of the experiments. 

22,. The Results Expressed in Tabular Fo,,·m. -Fri>m each of the 
curves of Fig. 11 the values of resistance at various speeds have 
been determined and set down in Table 3. Table 3 also includes 
the coordinates of the resistance curves corresponding to 55, G5, 
and 70 tons per car, which are omitted from Fig. 11. 

23. The Results E.1:vressed As Eqnations.- The relation be­
tween resistance and speed shown by each of the curves of Fig. 
11 may also be expressed in tbe form of an equation. Formulas 
1 to 13 below are such equations, by means of which resistance 
may be calculated for any speed and for various car weights. In 
the formulas, R is the resistance expressed in pounds per ton, ~ is 
the speerl expressed in m iles per hour, and W is the average 
weight of the cars in the train expressed in tons. The formulas 
are purely empirical, and are simply equations of parabolas so 

I 'l'he points derived from F g. 10 h:we been omitted from ti.le traciog from which Fig. 11 
was reproduced. All such points lie very close to the curves drawn in Fig, 11. the maximum 
deviation amountiog to but Ji of ooe pcrceot of the correspoodiog curve ordinate. Io Appen­
dix 6 there are vresented tables of coordinntes. by means of which Fig. IO and 11 may be ex­
actly reproduced. 
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selected as to correspond very closely with the curves of Fig. 
11. 'l'he correspondence between the formulas and the curves is 
such that the maximum difference between any value of resistance 
obtained by the formulas and the corresponding value obtained 
from the curves of Fig. 11 is ½ of one per cent. Since these are 
empirical equations, t11eir use should not be extended beyond the 
speed limits shown on Fig. 11. 

TRAIN RESISTANCE FORMULAS. 

When W = 15 tons; R = 7.15 + 0.0 5 S + 0.00175 s2. (z) 
When 1V = 20 tons; R = 6.30 + 0.087 8 + 0.001265"2. (2) 
When w = 25 tons; R = 5.60 + 0.077 S + 0.00L16 s~. (3) 
When 1V = 30 tons; R = 5. 02 + 0. 066 S + 0. 00116 8 2

. (4) 
When 1V = 35 tons; R = 4.49 + 0.060 S + 0.00L08 82. (5) 
When 1V = 40 tons; R = 4.15 + 0.041 S + 0.0013-! 8 2

. (6) 
When w = 45 tons; R = 3.82 + 0.031 S + 0.001-10 S 2

. (7) 
When 1V = 50 tons; R = 3.56 + 0.024 S + 0.00140S2

. (8) 
When lV = 55 tons; R = 3.38 + 0.016S + 0.00142 s2. (9) 
When 1V = 60 tons; R = 3.19 + 0.016 S + 0.00132 8'2. (lO) 
When TV= 65 tons; R = 3-06 + 0.014 8 + 0.00130S2

. (JJ) 
When lV = 70 tons; R = 2.92 + 0.021 S + 0.00Lll 8 2

. (12) 
When l-V = 75 tons; R = 2.87 + 0.019 s + 0.00113 8 2

. (13) 

The results of the tests may also be approximately expressed 
by the following single empirical equation in which R is exprnssed 
in terms of both S and W . 

R = S + !~o: ~ ~:~;;; ......................... ._ .. . (14). 

When compared with the results of the tests as shown in Figure 
11, or in T able 69 in Appendix 6, this equation results in a maxi­
mum error of 9.5 per cent. 'I'his error occurs when S = 21 and 
w = 55. For all other values of 8 and W the error resulting from 
the use of the equation is 9.0 per cent or less. 

24. Final .Results.-'I'he final results of the research are pre­
sented in Fig. J 1, in Table 3, and in formulas 1 to 13. It is 
believed that by means of the figure, or the table or the formulas, 
t he resistance of ordinary freight trains may be fairly accurately 
predicted; provided the conditions surrounding their operation are 
.similar to t hose which prevailed during these tests. These con­
.ditions have been fully stated and are restated in the conclusions. 
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It is sufficient to repeat at this point that the results apply to 
trains running at uniform speed, on tangent and level track of 
good construction, during weather when the temperature is not 
lower than 30° F., and when the wind velocity does not exceed 
about 20 miles per hour. 

TABLE 3 
VALUES OF Rl~SISTANCl!: AT VARIOUS Sp~:EDS AND FOR TRAINS OF DIFFEREN'l' 

AVERAGE VVE IGH'l'S PER C AR. 

'l'he values are derived d irectly from the curves of Fig. 11 and represent 
the final resu Its of t he tests. 
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VII. D ISCUSSION OF THE RESULTS 

25. VariationinResistanceof D~{Jeren t Trains. - Reference has 
been made to the variations among the points of Fig. 3 to 9. In 
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each figure about one half of the points lie above the curve there 
drawn, a.nd their resistance values vary from those of the curve 
by different amounts. It should be borne in mind that, in these 
figures, each point represents the average resistance which pre­
vailed throughout a particular test, and differences among the 
points represent, therefore, differences in the mean resistance of 
the different trains. 

Among those trains which are regarded as normal there are 
two or three whose resistance at some speed varies from the 
mean, as expressed in the curves, by as much as 23 per cent. 
The great majority, howeve1·, vary from this mean by about 10 
per cent or less. In Fig. 4, for example, there are 19 points 
which lie above the curve, among which the maximum deviation 
from the mean is 23 per cent, while the average of the deviations 
for all 19 points is 8 p er cent. The following table presents simi­
lar average deviations above and below the mean for each of Fig. 
3 to 9. 

A n , RAGE DEVIATION OF ALT, POINTS I N FIG . 3 '1'0 9, FltOJU THE 
.\[EAN AS SHOWN BY ' l'S:E CURVE S TaERE DitAWN.-Ex­

PRESSED AS PERCEN'l'AGES OF THE C UR VJ<: ORDINA'l'ES . 

I Fig, :I I !•'i ll:, 4 1 Fig, 5 1 Fie-. 61 Fig-, 7 1 Fig, 8 1 F ig , 9 I s 10 15 :o 2s 30 as 
m. p . h. m . p. h, m. p. b. m. p. h. m. p. h. m. p. b. m. p . h . 

---- --------~--
Poi a ts above the curve I II I 8 8 I 11 13 I 8 I 7 
l'o ints below the cun ·e 13 10 9 8 9 _9 ___ 9 __ 

The data present no satisfactory general explanation for these 
differences in the resistance of different trains of like average 
weight per car. They may be due to difference in external con­
ditions or to difference in train condition and make-up. What­
ever may be the explanation for thf!se differences it is significant 
that about one-half of the trains experimented upon developed a 
resistance about 9 per cent in excess of the mean resistance which 
would be predicted by the use oE Fig. 3 to g and Fig. 10 and 11. 
Obviously a similar excess may be expected with any train, and 
it is suggested therefore that, in determining the resistance of 
trains on level tangent track for the purpose of rating locomotive& 
under operating conditions which demand conservative ratings, 9 
per cent be added to the resistance values obtained from the 
curves, tables, and equations presented. Such considerations are 
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of little practical importance in rating locomotives for speeds 
above 15 miles per hour. In such cases an excess in resistance 
over that expected can result in nothing more serious than failure 
to realize the expected train speed. 

It should be understood that this 9 per cent allowance is in· 
tended to cover probable variations in the· resistance oi different 
trains under normal operating conditions. It in no way takes the 
place of that additional reserve which must be allowed to cover 
unusual variations in resistance due to low temperatures or high 
winds, or of that reserve in tractive effort of the locomotive 
which is necessitated by operating conditions which reduce the 
efficiency of the locomotive itself. 

26. 'l'est.s Which Present Abnor,nal ltesistance 1·alae.s.-There 
are four points in Fig. 3 to 9 whose deviation from the curves is 
so great as to demand special examination. These are the points 
corresponding to tests S-103-!, S - 107-!, S - 1080, and S-1013 I (points 
34, 74, RO, and 31). These tests show a persistent and great vari­
ation from the mean at various speeds. The trains of tests 103-+, · 
1074, and 1080 were alike in ba,·ing average car weights less than 
23 tons and in containing a large proportion of empty gondolas, 
99, 98, and 8-! per cent, respectively. Any explanation based 
on the train composition is however nullified by the fact that 
the trains of tests No. 1016, 1043, and 1063, which show close cor­
respondence with the curves, had similar average car weights and 
contained almost equally large proportions of empty gondolas. 
Weather and wind conditions likewise offer no explanation of the 
dh•ergonces presented by these thrP,e tests. Explanations are 
rendered more difficult by the fact that, while the trains of tests 
1034 and 107-! show unusually high resistance, the resistance in 
test 1080 is exceptionally low. The abnormalities presented by 
these three trains have therefore been accepted as unexplained 
by the data at hand. 

The resistance of the trains of the fourth test mentiorred 
above (S- 1031) is low at all speeds. This train had an average 
car weight of 20 . 7 tons, contained 94 per cent of box cars, 
and was only 1425 .ft. long. Other test trains of similar average 
car weight differ from this in having generally less than 60 per 
cent of box cars and in being all 2-!00 ft. or more in length. Tak­
ing into consideration all the data, neither fact seems, however, 
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to offer an adequate explanation of the variations exhibited by 
this train. 

27. Car Weight as a Basis of Expression.- Objection may be 
made to the form of expression adopted in Fig. 3 to 9 and 10,in which 
the resistance is expressed solely in terms of average car weight, 
to the apparent neglect of the influence of those elements of re­
sistance, such as air resistance, which are independent of weight 
and which probably vary only with the number of cars in the 
train. The neglect is only apparent, however, for the process 
by which Fig. 10 was derived involves, although indirectly, the re­
cognition of the influence of the number of cars. It is quite likely 
that, if Fig. 10 were applied to determine the total resistance of 
a single car, the result would be in error. 

Whatever objection may be urged against the form of expres­
sion adopted, it remains true that Fig. 10 rests upon experimen­
tal results obtained with trains of usual length and that in prac­
tice one is not likely to encounter trains which present in this 
respect any extreme variation from the test data. The form of 
expression will not lead to error unless misapplied and it was 
chosen because it permits the results to be conveniently used in 
establishing tonnage ratings. 

It might likewise have been more rational to express the re­
sistance in terms of load per axle instead of load per car, since 
the latter can operate to cause variations in resistance only in so 
far as it affects the former. Since, however, all American freight 
cars have four axles, the expression in either form would be iden­
tical. Convenience in application wa.rrants the choice made in 
this respect also. 

28. EjJect of Variety in Car Weight upon Total Train Resistance.­
In Fig. 10 those portions of the curves which apply to average 
car weights below 20 tons were derived from trains which were 
quit~ homogeneous in their make-up as regards wE>igbt per car. 
These trains were necessarily composed almost exclusively of 
empty cars, since an average car weight of 20 tons or less cannot 
be obtained with cars of current design unless they are empty or 
nearly so, and being empty they will be uniform in weight. Simi­
larly for average car weights above 55 or 60 tons, the test trains 
were necessarily uniform in make-up. For trains of average car 
weights below 20 and above 60 tons, the curves of Fig. 10 are ac-
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cepted, therefore, as valid and applicable to any train to be met 
with in practice. 

In F ig. 10, those portions of the curves corresponding to car 
weights of from 20 to 60 tons were, on the other hand, derived 
from trains which presented considerable diversity in make-up 
as regards weight per car. Some of these trains were composed al­
most entirely of loaded cars, others contained large proportions of 
both empty and loaded cars. In presenting the results in the form 
adopted in Fig. 10 (and Fig. 11) the assumption is that the curvE>s 
there drawn will be used throughout their entire range of average 
car weight to determine the total resistance of both homogenous 
and mixed trains, and that, when so applied, they will lead to no 
material error. In view of the facts just stated it is pertinent to 
in(]uire whether this assumption is justifiable. 

Assume two trains of equal tonnage, and of the same average 
weight per car. Assume further that one is composed of cars 
uniform in weight, and that the other is composed of cars of 
different individual weights. Now if such trains are to have equal 
total resistance, it can be shown that the variation in the resis­
tance per car of the individual cars must be directly proportional 
to their weight. This implies that the curve showing the relation 
between total car resistance and car weight at a g iven speed must 
be a straight line, if homogeneous and mixed trains are to have 
equal total resistances at this speed. From Fig. 10 there have 
been derived curves showing this relation between car resistance 
q,nd car weight. These curves (not shown in the report) corre­
spond quite closely, but not exactly, with straight lines; and the 
correspondence is especially close for those portions of the curves 
which apply to car weights between 20 and 60 tons. From these 
facts we may conclude that the curves of Fig. 10 are not quite, 
but are nearly equally applicable to mixed and homogeneous 
trains, and that, if the curves are applied to both kinds of trains, 
we may expect a slight error in the resulting total train resistance. 
The amount of such error is indicated by the following examina­
tion of a specific case. 

Assume two trains, A and B, the first homogeneous, the se­
cond mixed, as regards car weight. Train A is composed of 60 
cars, each weighing 45 tons, and its total weight is 2700 tons. 
Train Bis composed of 30 cars of 70 tons each, and 30 cars of 20 
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tons each; its total weight is 2700 tons and its average car weight 
is 45 tons. Train B presents about as great a diversity in car 
weight as may be encountered in current practice. Both trains 
have equal tonnage and the same average weight per car. As­
sume that the total resistance of these two trains at a speed of 5 
miles per hou1· is to be determined. By the procedure, which it 
is intended shall usually be followed in using Fig. 10, the resistance 
for an average car weight of 45 tons, at 5 miles per hour, is found 
to be 4 . 0 lb. per ton; and the total 1·esistance of either train A or 
train B is 2700 x 4. 0 = 10 800 lb. 

Train B, however, may b~ considered as made up of two 
shorter homogeneous trains of average car weights of 20 and 70 
tons respectively and the resistance of each may be determined 
from those portions of the curves of Fig. 10, aboutwhosevalidity 
no question is raised. From Fig. 10, the resistance at 5 miles 
per hour for a car weight of 20 tons is found to be 6. 8 lb. per ton 
and for a car weight of 70 tons, 3 .1 lb. per ton. By the use, 
therefore, of these portions of the curves of Fig. 10, the total re­
sistance of train Bis found to be 30 x 20 x 6 .8 + 30 x 70 x 3.1 = 
10 590 lb., which differs from the resistance previously found by 2 
per cent. If a similar analysis be made for a speed of 40 miles 
per hour, the corresponding difference is found to be 4 per cent. 
If these differences be accepted as a measure of the maximum 
error likely to result from the indiscriminate application of the 
curves of Fig. 10 to mixed and homogeneous trains, we may con­
clude that for p ~rposes of rating locomotives the results of the 
tests as expressed in Fig. 10 and 11 and 'f able 3 may be so _ap­
plied without material error. 

29. The ln.f/uence of Speed on Resistance.-Within the last two 
years the opinion has been expressed in some quarters thll.t train 
resistance between speeds of 5 and 35 miles per hour is constant . 
It is proper to point out that there is nothing in the data here 
presented to s upport such a conclusion. 

30. 1'he lnJ/uence of Winil Velocity <.>n Re.sistance.-The wind ve­
locities prevailing during the tests were generally less than 20 
miles per hour. The data do not permit the influence of such 
winds to be differentiated from the other elements affecting res is­
tance; but they do warrant the conclusion that this influence is 
small. In the introduction, train resistance was defined as the 
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resistance in still air, whereas throughout the report the term is 
used to apply to the test results from which the influence of wind 
has not been eliminated. 'I'his inconsistency has been deliberate­
ely incurred to avoid unwieldy expression and is partially justi­
fied by the facts just stated. 

31. Comvarison with Otlim· Ex pe1·imenls. - There is no point in 
comparing the results of these tests with formulas in which the 
influence of car weight is given no consideration, nor with those 
which are not derived from tests with American cars of recent 
design. The results obtained on the Chicago, Burlington and 
Quincy Railroad and on the Pennsylvania Railroad, and recently 
published by Mr. F . J. Cole,1 take into consideration the influence 
of car weight and they apply to cars of recent design. They are 
therefore selected for comparison. 

The results obtained on the Chicago, Burlington and Quincy 
road (curve No. 1, for temperatures above 30° F. and no wind) ap­
ply to a speed of 20miles per hour. Compared with the curve for 
20 miles per hour in Fig. 10, they show resistance values which 
are from 35 to 60 per cent lower than the corresponding results 
of these tests. The Pennsylvania Railroad results are claimed to 
be equally applicable at all speeds between 5 and 30 miles. When 
plotted on Fig. 10 of this report they show very close corre­
spondence with the curve there drawn for 10 miles per hour, for 
car weights from 25 to 70 tons; while for car weights below 25 
tons they indicate resistance values as much as 20 per cent in ex­
cess of the results obtained during these tests. 

1 Railway Age Gazette. Auirust 27 to October t. 1009. 
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APPENDIX 1 

RAILWAY TEST CAR No. 17 

The dynamometer car by means of which these tests were 
made was built in 1900. Under the arrangements perfected at 
that time, the car was built and has since been maintained by 
the Illinois Central Railroad, while the University has supplied 
all apparatus, and has manned and operated the car. Both the 
car body and the apparatus were remodeled in 19071

. 

The car body was especially designed for its purpose. It is 
JO ft. long over the end sills, and 8 ft. 4 in. wide inside. The 
central sills and the platforms are of steel, wh ile the remainder 
of the construction is of ,vood. The general design of the car is 
shown in Fig. 12, and an interior view is shown in Fig. 13. 'I'he 
working space occupies about two third,;; of the length of the 
car, and in it are placed the recording apparatus, the auxiliary 
instruments, the storage ba tteries, workbench, etc. 

During the tests, the test car apparatus made continuous 
autographic records of drawbar pull, speed, time, mile post posi­
tions, a irbrake cylinder pressure, wind velocit:ywith respect to the 
car, and wind direction with respect to the longitudinal axis of the 
car. 'I'hese records are made upon a chart 36 in. wide, drawn 
across the table of tbe recording apparatus. This chart was 
driven by gearing from the axle of the central truck below the 
car, so that hs travel was proportional to the travel of the car 
itself. In all tests a car travel of one mile produced a paper 
travel of 13.2 in. A view of the recording apparatus is shown in 
Fig. 1-L 

Fig. 15 is reproduced from a tracing of a portion of the chart 
made during test S-1057 of this series. The only lines there 
shown which do not appear on the original record are the profile 
and the transverse lines which mark the limits of one of the sec­
tions selected for calculation. These lines and some of the ex­
planatory lettering have been added to the tracing, in order to 
make clearer the significance of the various records . 

The total pull which comes upon the measuring drawbar of 
the car is transmitted to oil contained in the receiving cylinder, 
the design of which is shown in Fig. 16. 'l'his cylinder is hung 

IA more detailed description of the present equipment is contained in an article by F. W. 
Marquis. in the Railway Age Gazette February 19, 1009. 
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." ..... .. :: ..... _ 

F1G. 12 RAILWAY TES'l' CAR No. 17 

FIG. 13 INTERIOR OF TEST CAR NO. 17 
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l<'IG. 14 THE RECORDING APPARATUS 

from the center sills, immediately behind the drawbar yoke. Its 
inside diameter is 10 in., and its piston is 7½ in. long. Both cyl­
inder and piston are carefully ground to an exact fit and no pis­
ton packing is used. The pull is transmitted from the drawbar 
yoke to the piston t hrough a roller- borne yoke; and the whole 
device is practically frictionless. Such leakage of oil as takes 
place proceeds so slowly as to prove no inconvenience, even when 
operating under maximum pull. The cylinder may be refilled with 
oil by means of a pump within the car, and this is done while the 
car is in operation and without impairing the accuracy of the re­
cord. The pressure of the oil in this receiving cylinder is trans­
mitted to the cylinder of an indicator located upon the table with­
in the car. This indicator is identical, in its design, with one of 
the modern types of steam engine indicators, although it is larg­
er and heavier throughout. During its ten years of service this 
type of dynamometer has demonstrated its reliability and accu­
racy. 
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Two speed records are shown on the chart, and both are used. 
The one is obtained from a speed recorder which resembles in de­
sign a "fly-ball" engine governor. This instrument is used in 
measuring speeds above 15 miles per hour. The second record is 
obtained from a chain-driven Boyer speed recorder, geared to run 
at a speed about three times as great as is usual with these in­
struments. This record is used for speeds up to 35 miles per 
hour. Within their respective ranges, both instruments produc1:, 
accurate speed curves. 

The air-brake cylinder of the test car is connected to the 
cylinder of an ordinary steam engine indicator, which is mounted 
upon the table and which draws a curve of air-brake cylinder 
pressure. 

The velocity of the wind with respect to the car is obtained 
by means of a Robinson cup-anemometer of the standard United 
States ,Neather Bureau type, which is so mounted that the cups 
revolve 32 in. above the car roof. This instrument controls an 
electric circuit, which operates an electro-magnet connecterl to 
the recording pen. By means of this magnet offsets are made in 
the line drawn by the pen. During the time which elapses be­
tween two successive offsets, the travel of the air past the cups 
amounts to 0. 2 of a mile. 

The direction of the wind with respect to the longitudinal 
axis of the car is derived from a wind vane mounted 3 ft. above 
the car roof. The spindle of the vane extends downward to a 
point above the recording apparatus and terminates there in a 
crank, parallel to the vane. This crank is connected to the re­
cording pen through a rod with a yoke end. The ordinate of the 
curve drawn by this pen is proportional to the sine of the angle 
made by the vane with the car axis. The offsets in the datum 
line for this curve, which appear in Fig. 15, indicate that the 
vane, at the moment, was pointed toward the front end of the 
car. While the vane points toward the rear end no offsets are 
made in the datum line. 

Fig. 15 shows a record of "area under the curve of pull'. 
which is made by means of a recording planimeter mounted on 
the table. This record is inaccurate and was not used in these 
calculations. 
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APPENDIX 2 

rrHE TONNAGE RECORDS OF THE TRAINS 

Tables 4 to 35 present the records of make-up and tonnage 
of the trains. The car numbers are arranged in the tables in the 
order in which the cars were placej in the train, beginning at the 
head end. 

With the few exceptions cited in Part I , the weights given in 
the last column of the tables were obtained by weighing the train 
on the track scales. In all tests the dynamometer car was cou­
pled immediately behind the locomotive tender. In the tonnage 
records for those t ests in which the test car ran with its measur­
ing drawbar pointed toward the rear of the train, the test car 
weight is excluded, since in such cases its own resistance is not 
included in the pull recorded on the chart. 



Kina 
of 

Car 

Test Car 
Gondola 

Refrigero.tor 
B.~x .. .. .. .. 

Refriirerator 
Box 

Gondola 
B.~x .. .. 

Refriirerator 
Box 

Gondola 
Bp_x .. .. 

Gondola 
Tank 

. , 
Gondola 

B~x .. 
" 
" 

Refrilferator 
Box .. .. .. .. .. .. .. .. 

Gondola 
Box .. .. .. .. .. .. 

Gondola 
Box 

Gondola 
RerriirerMor 

B_~x .. .. .. .. .. 
Gondola 

Rdrigerc.tor 
Caboose 

SCHMIDT-FREIGHT TRAIN RESISTA NCE 

TABLE 4 T ONNAGE RECORD 

Loaded 
or 

Empty 

Lor E 

E 
L 
E 
~ .. .. .. .. 
E 
~ .. .. .. .. 
E 
L 
E 
L 
.. .. .. .. .. .. .. 
.. .. 
.. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. 
L 
E 
L .. .. 
~ 
L 
E 
~ .. .. .. .. 
E 

Test No. S-1013 

Car 
No. 

82 366 
6 641 

48 887 
36 fi6 
92 3211 

9 842 
37 668 
14 301 

726 
38 254 
85 OOI 
39 840 

9 337 
94 116 
3 135 
5 260 

39 404 
16 778 
38 711 

5 078 
3 954 

133 684 
3 ]93 

704 
540 
29'J 

82 008 
34 623 
19 773 
47 730 

130 091 
14 834 
5 223 

48 273 
36 741 
36 076 
49 417 
34 H7 

136 690 
32 645 
17 853 
45 691 
38 217 
93 582 
47 588 

140 760 
45 432 
12 104 
22 796 
48 388 
22 n2 
36 825 
79 267 
12 784 
81 750 

275 
11 9i2 
1i 658 
45 051 
20070 
17 783 

141 980 
15 026 
6 232 
6 ()(13 

98 018 

N. 
N . 

Car 
Initial 

I. C. 
N. C. L. 

I:,C. 

C. & St. L . 
C. & St. L. 

I:,C . 

C.B.T. 
f: ,C· .. 

L. & N . 
.. 

A.R.L . 
I. C. 
Erie 
I. C. 

N. C. & St. L. 
L. & N . 

s.o . 
I. s. 

B , 'l ' . R. 
D.R. &U . 

A. C. 0 . 
LC. 
.. .. 
" .. 

M.R.T . 
1:,0. .. .. .. 
s ... o. 
I:,C . .. .. .. .. .. .. .. .. 

L , S. &M. S . 
I ,,C. .. 
" 

B. T. 
w.c. 
l,,C. 
.. .. .. .. 

s. I. 
A.R.L. 

I. C. 

Stenciled 
Lill'ht 

Welll'bt 

pounds 

58 000 
28 700 

39 100 
37 000 
33 300 
33 400 
34 600 
29 200 

34 000 
31 500 
38 900 
34 500 
35 400 
34 OOQ 
36 500 
38 300 
42 800 
37 600 
38 300 
33 100 
33 200 
40 200 

28 400 
37 100 
28 300 
30 600 
42 300 
31 600 

39 700 
34 500 
35 ,00 
35 200 
37 000 
34 300 
31 i!(J() 
29 900 
39 400 
34 000 
30 400 
41 600 
42 900 
36 300 
28 800 
37 500 
39 700 
29 300 
33 900 
24 800 
28 300 
26 700 
28 000 
29 900 
37 400 
36 000 
28 500 
29 800 
43 700 
30 000 
28 500 
!l 800 
3i 000 

Capacity 

pounds 

60 000 
60 000 
80 000 
80 000 
60 000 
60 000 
80 000 
60 000 

80 000 
80 000 
80 000 
65 000 
65 000 
~OOQ 
50 000 
60 000 

100 000 
80 000 
60 000 
65 000 
60 000 

100 000 

60 000 
60 000 
60 000 
80 000 
80 000 
60 000 

80 000 
80 000 
80 000 
80 000 
80 000 
60 000 
60 000 
60 000 
80 000 
80 000 
80 000 
80 000 

100 000 
80 000 
60 000 
80 ()(),) 
80 000 
60 000 
80 000 
50 000 
60 000 
60 000 
60 000 
60 000 
80 000 
00 000 
60 000 
60 000 

100 000 
60 000 
60 000 
50 000 

I 
I 

53 

Gross 
Weight 

pounds 

-
58 000 
92 300 
36 400 
ll6 200 
92 GOO 
95 000 
94 000 

107 000 
,2 700 
38 200 
58 700 

105 100 
a2 400 
69 300 
64 700 
89600 
38 100 

U2 000 
42 600 
86 500 
76 000 
94 000 
68 000 

147 800 
78 500 
80 000 
88 100 
83 700 
68 100 
62 600 

108 700 
88 100 
74 000 
50 600 
99 600 

119 200 
122 000 
90 000 
92 300 
87 800 
36 600 
63 900 

100 000 
74 300 

115 600 
89 300 
76 000 

123 300 
64 300 

113 600 
63 500 
31 000 
72 000 
27 000 
63 000 
65 500 
32 000 
29 300 
63 000 
67 000 
84 000 
63 000 
74 000 
70 000 
80 000 
45 100 
34 000 
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TABLE 5 TONNAGE [{,ECORD 

Test No. S-1015 

mod Loaded Car Ca Stenciled Gross ot or No. lniUal Light Capacity Wei 11ht Car Empty Welirht 

Lor E pounds pounds pounds 

GOD;~Ola ~-
89299 I: ,C. 32 000 80 000 82 000 
91 712 29 400 80 000 80 000 

Box .. 
130 646 .. 42 300 80 000 92 000 

Tank .. 500 Champ'n stock 32 100 60 000 96 000 
Box 21 6i8 I:,C. 36 000 80 000 67 000 .. 

23 251 25 200 !!() 000 92 300 .. .. HO 501 .. 42 700 100 000 81 500 .. .. 
141 254 " 43 500 100 000 96 800 

Tank .. 185 A.P. L . 78 000 

~<?" 8 457 I:,C· 30 JOO 50 000 93 100 .. ~6 732 36 100 80 000 114 100 .. .. 13 635 .. 
28 900 60 000 84 000 .. .. 

11 069 " 30 200 00 000 96 600 .. .. 
23 530 " 36 100 80 00<., 98 000 .. .. 12 235 .. 28 800 60 000 90 900 .. .. 17 652 .. 28 900 60 000 83 300 .. .. 37 500 .. 34 100 80 000 100 000 .. .. 3g 126 

I 
.. 36 700 80 000 g5 500 

" 
.. 

i, 644 " 30 000 60 000 'i5 800 .. .. 
It 774 .. 30 400 60 000 81 400 .. .. 
33 686 .. 36 100 80 000 84 300 .. .. 
6 985 .. 27 'j()() 50 000 80 600 

Gondola 
.. 

86 493 I " 30 800 80 000 102 000 
B<?X 

.. 
83 722 S. Pa . 83 900 80 000 123 000 .. 
5 000 A. R. L . ~4 800 50 000 38 500 .. .. 

11 598 N. C. & S t. L . 33 200 60 000 99 100 .. .. 
6 902 N. C. & St. L . 29 900 60 000 00 100 .. .. 

35 113 S . L.&S.F . 35 100 60 000 80 400 .. .. 
~ 220 I:,C· 38 100 60 000 53 500 

Condola .. 
91 28~ 29 000 80 000 70 800 

Fhit 
.. 

8 146 I. S . 33 200 100 000 115 500 

~<?X 
.. 

39 343 I:,C . 36 600 80 000 95 000 .. 
141 804 43 500 100 000 84 500 .. .. 
141 686 " 43 500 100 000 103 500 

" E 25 3;5 M.St.P.&S.SM 33 500 60 000 33 800 .. 
~ 140 755 I. C. 42 900 100 000 48 500 .. 56 092 U.P. 25 800 50 000 72 800 .. " J.5 503 1. C. 28 800 60 000 70 000 

" E 13 330 C. G. W. 30 000 60 000 29 700 
Flat L 10 638 V. 24 500 00 000 33 800 

" 
10 521 V. 21 200 00 000 31 ,00 

~~x 45 514 I:,C· 39 100 80 000 78 800 .. 
142 175 42 800 100 ooo 81 300 

" 22 064 .. 37 800 80 000 76 000 ., .. 
46 450 .. 3i 600 80 000 78 000 .. .. 
58 576 

.. 
33 800 80 000 85 000 

Retria-erator 
.. 

33 476 C. &N. W . 82 200 50 000 56 000 
Box 

.. 
12 5.'10 I. C . 30 500 60 000 5\l 800 

Tank .. 
990 A. P .L . 82 300 

~~x 
.. 

46 660 I: ,C. 38 000 80 000 67 400 .. 
49 154 35 200 80 000 70 300 

Refrigerator .. 
6 502 U. R.T.C . 30 8C,O 100 ooo 47 700 

Flat .. 
65 226 I:,C· 23 000 00 000 71 200 

Box 
.. 

140 108 42 000 100 000 125 600 
Refrigerator .. 

4 531 N. C. L . 50 000 41 800 
'.r~_nk 

.. 
150 A . 'F: L . 80 JOO .. 
153 78 800 

" 
.. 

I 017 " 82 000 
Box 

.. 
140 161 I. C. 42 700 100 000 73 600 

Tank " 90-I A.'£. L. 81 100 
Box E 82 244 C. &N. W. 32 600 80 000 32 800 
F,l!'-t +-: 1 54\l C. H:,&D. 21 4(\0 50 000 !6 000 

I 799 21 700 40 000 38 400 .. .. 
G7 930 I. C . 26 800 80 000 85 700 .. .. 

878 G. & S . I , 54 700 .. 
~ 30 237 C. & H. R. 27 000 80 000 27 100 

" 16 056 P.M. 22 800 60 000 22 400 
Flat " 8 249 N.Y.N.H. &H. 28 900 80 000 t8 800 

CaboOSJ " 98 100 I. C. 40 000 



T{ind 
ot 

Ca r 

~l1e:-.t 
Gon~!'la 

.. .. 

.. .. 

. . .. .. .. 
,, .. .. .. .. .. 
, , .. .. .. 
" 
" .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. 
.. .. .. .. .. .. .. .. .. .. .. .. .. .. 
.. .. .. .. .. .. .. .. .. .. .. 
" .. .. .. .. .. .. 

Caboose 
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Loaded 
01' 

Empty 

Lori,; 

J, .. .. .. .. 
" 
" .. .. .. 
, . .. .. .. .. .. .. 
.. 
. . .. 
.. 
" 
" .. 
" 
" .. .. .. .. .. 
" .. .. .. .. .. .. .. .. 
.. .. .. .. .. .. .. .. .. .. 
, . .. .. .. .. 
" .. .. .. .. .. 
" .. .. .. .. .. .. .. .. .. 

TABLE 6 T ONNAGE RECORD 

Test No. S-1016 

Car 
No. 

Car 
Initial 

Stenciled 
Lilrht 

W eight 
Capacity Grnss 

Weig-ht 
I 

-,---"----',-----'---

pounds pounds pouads 

17 58 000 
n3 191 I:,C. 35 300 80 ()()(l 35 300 
90 SH 32 900 80 COO 32 900 
88 459 .. 31 500 80 000 31 500 
9t 843 

.. 
31 700 80 000 SI 700 

82 365 
.. 

26 800 60 COO :,'6 800 
92 596 .. 

30 200 80 000 30 200 
81 323 

.. 28 600 60 000 28 600 
93 948 .. 31 800 80 COO 31 800 
l4 190 .. 27 000 60 COO 27 000 

252 S.S. C . 25 ~00 50 COO 25 500 
616 E. F'. D. & Co. 23 700 50 000 23 700 

85 594 1:.0· 31 400 80 000 31 400 
81 200 !7 400 60 000 27 400 
95 241 .. 30 100 80 000 30 100 
3 252 1. s . 40 300 100 000 40 300 

82 622 I . C . ~7 800 60 000 27 800 
106 404 .. 40 300 100 000 40 :100 
93 41).1 .. 29 600 60 COO 29 600 
86 663 .. 3 1 100 80 000 31 100 
96 262 .. 31 800 80 000 31 800 
9,; 7();' .. 30 800 80 000 30 800 
~3 :'»44 " 28 2110 60 000 28 200 
93 960 .. 31 300 80 000 31 300 
87 697 

, . 
33 500 80 000 33 500 

96 062 .. 31 400 ~o coo 31 400 
7& 63.J .. 25 700 50000 25 700 
91 067 .. SO 200 80 000 30 200 
91 42-1 .. 30 000 80 000 30 600 
S9 402 

.. 
32 000 80 000 32 ()()() 

115 127 .. 42 600 100 000 42 600 
106 i77 .. 40 300 100 000 40 300 
)04 930 .. 40 600 100 COO 40 600 
95 782 .. 31 500 80 000 31 500 

104 131 .. 40 600 100 000 40 600 
92 338 .. ao 800 80 000 30 600 
81 653 .. 26 400 60 000 26 400 
96 137 .. 31 COO 80 COO 31 OOll 
88 950 .. 31 800 80 000 31 800 

115 043 .. 43 200 100 000 43 200 
80 12~ 

,, 
28 900 60 000 28 900 

94 357 .. 30 900 80 COO 30 900 
96 123 .. 31 200 80 000 31 200 
91 024 .. 31 000 80 000 31 000 
84 272 .. 27 500 60 000 27 500 
85 516 .. 29 400 80 coo 29 400 
86 283 .. 31 600 80 000 31 600 
87 090 .. 30 000 80 000 30 000 
f!3 604 .. 27 300 80 000 27 300 
80 933 .. 27 500 60 000 27 500 
83 243 .. 

28 COO 80 COO 28 000 
85 624 .. 30 800 80 000 30 800 
75 812 .. 26 000 50 COO ! 6 COO 
85 649 .. 30 700 80 000 ao 100 
88 925 .. 31 000 80 COO 31 000 
93 575 .. 31 100 80 000 31 100 

10. SIS .. 40 800 100 000 40 800 
86 327 .. 30 400 80 COO 30 400 
91 273 .. 30 100 80 COO 30 100 
80 g21 " 28 200 60 000 28 200 
82 167 . . 26 000 60 COO 26 900 

IOI 116 .. 
88 500 100 000 38 500 

86 515 .. 30 400 80 COO 30 400 
88 352 .. 31 200 80 cm 31 200 

IOI 944 .. 40 200 100 000 40 200 
105 533 .. 40 500 100000 ~o 500 

262 s. s. c. 30 600 80 000 30 800 
89 849 l ,,C. 32 000 80 COO 32 000 
95 296 30 000 80 000 30 000 
93 197 .. 31 400 80 000 31 400 

106 428 " 40 300 100 COO 40 300 
98 172 " 40 000 40 000 
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TABLE 7 T ONNAGE RECORD 

Test No. S-1017 

Kind Loaded Car Car Stenciled Gross of o r No. Initial Lillht Cap&city Weilrht Car Empty Weight 

Lor E pounds pounds pounds 

Box -!=: 32 302 I. C. 32 500 60 000 96 500 
Gondola 3 363 I. s. 40 300 100 000 140 800 

B,qx .. 9 009 I:.C· 27 700 50 000 74 000 .. 48 654 38 500 80 000 96 100 .. .. 12968 .. 
29 200 60 000 65 100 .. .. 

150 867 
.. 

30 000 40 000 73 700 .. .. 17 772 .. 
29 400 60 000 90 800 .. .. JO 673 .. 31 700 60 000 96 800 .. .. 130 783 .. 42 300 80 000 130 600 .. .. 150 961 

. , 
30 500 40 000 75 900 .. .. 

11 350 " 29 700 60 000 69 300 
Refrigerator .. 6 638 U. R, 'l'. 34 800 40 000 52 000 

B,qx 
.. 

141 330 r,.c. 43 700 100 000 76 000 .. 
141 589 43 600 100 000 114 000 .. . .. 
24 682 " 35 800 80 000 80 000 .. .. 
22 896 .. 37 000 80 000 86 000 

" " 24 158 .. 
35 500 80 000 72 000 .. .. 

22 041 
.. 

37 800 80 000 86 000 .. E 107 946 C. &N. W, 36 600 80 000 37 000 .. L 47 421 r, ,c. 41 500 80 000 116 000 .. IO 485 29 400 60 000 92 800 .. .. 130 247 .. 
42 400 80 000 132 000 .. .. 2% 942 .. 
36 800 80 000 123 800 .. " 22 968 " 36 600 80 000 115 700 .. .. 

H I 969 .. 
43 500 100 000 119 500 .. 

" 32 317 " 31 100 60 000 98 400 .. 
" 22 318 .. 38 200 80 000 56 700 .. .. 11 165 .. 

30 300 11()000 71 800 .. .. 8 890 .. 
31 200 60 000 77 500 .. .. 142 72e .. 42 S00 100 000 62 000 .. 

" 7 698 L.&,N. 28 400 60 000 60 000 .. " 1 807 34 200 65 000 98 000 
Re!rigerat-0r '!!i t 056 M. R. T. 40 400 60 000 40 000 

B~x 58 873 C.R. I. & P. 32 400 60 000 32 000 
" 56 432 C. M. & St. P. 29 000 60 000 29 000 .. L 35 199 I. C. 36 800 80 000 105 200 .. 
~ 10 428 w.c. 29 400 60 000 29 700 .. 

2 786 A. & W. P . 35 000 65 000 33 200 
Refrigerator .. 

397 W.R. 'l'. 34 700 40 000 35 000 
Gondola .. 1 025 C. &I. W. 32 !00 100 000 32 000 

B,qx L 49 2;l6 I:,C· 31 ~00 SO 000 103 000 
14 943 30 800 60 000 84 600 .. .. . 
17 142 .. 

30 500 60 000 81 000 .. .. 
22 40l .. 

27 000 80 000 109 000 .. .. 
150 265 

.. 
29 300 40 000 65 000 .. .. 

5 298 Ga. 31 800 60 000 73 100 .. .. 14 010 I:,C. 32 200 60 000 68 900 .. .. 
36 980 31 300 80 000 81 000 .. .. 48 699 .. 

39 300 80 000 59 300 
" 

.. 
48 721 " 39 200 80 000 77 500 .. .. 
21 715 .. 

36 200 80 000 81 500 .. .. 
I 292 I. L. & M. 29 200 60 000 113 000 .. .. H2 2S5 I: ,c. 42 900 100 000 97 500 .. .. 45 525 39 300 80 000 75 700 

Refrigerator E 9 056 C.R. D . 34 600 34 600 
B,qx ~ 48 739 r,,c. 39 100 80 000 74 100 

45 762 40 300 80 000 78 700 .. E 36 636 
.. 

34 JOO 80 000 35 300 .. 
~ 22 995 .. 

35 100 80 000 94 300 
Gondola 106 302 .. 40 300 100 000 90 500 

B,qx E 72 344 C. M. & St. P . 30 400 60 000 29 000 
!-: 19 840 l:,C. 29 300 60 000 64 300 

" 17 625 29 300 60 000 58 000 .. E 64 599 N.&W. :19 500 80 000 38 800 .. L 45 386 I: ,C, 38 700 80 000 79 800 
Caboose E 98 0"-3 40 000 



Kind 
of 

Car 

'fest 
B!).X 

.. .. 
Gondola 

13?,X .. .. .. 
Gondola 

B~x 
. . 
.. .. 

Locomotive 
Flat 
T~pk 

.. .. 

.. .. .. 
Box 
Tank 

Go~~ola 

Locomotive 
Box 
.. .. .. .. .. 
. . .. 
.. .. .. .. 

F _l\\t 
.. .. .. .. 

Caboose 

B.~x .. .. 
Flat 
Box .. .. .. .. .. 
" .. .. 
" 

-

SCHMIDT-FREIGHT TRAIN RESISTANCE 

TABLE 8 TONNAGE RECORD 

Loaded 
or 

Empty 

Lor E 

E 
~ 
E 
~ 
E 
L 
~ .. .. .. 
~ 
E 
L 

L 

E 
.. .. .. .. .. 
L 

E 

F. 
.. 
.. 
L 

E 
L 
~ 
.. .. .. .. .. .. .. .. .. .. 

E 
.. .. 
!"1 
" .. 
" .. 
" 
" .. 
~ 
L 

Car 
No. 

17 
28 591 
73 2-16 
49 016 
16 179 

104 I 13 
46 485 
24 331 
5 372 

251 
19 OH 

180 614 
56 649 
45 413 
49 161 
68 250 
39 :;!6 

423 
66 644 
6 059 
6 052 
6 2.~9 
6 233 
6 OM 
6 190 

600 
130 857 

680 
3 175 

27';1 
732 

30 105 
11 571 
2 004 

l4 533 
558 037 
84 4!H 
9 230 
9 264 
6 316 

135 OG8 
13 161 
13 761 
32 482 

I 276 
803 
621 
413 
553 
799 

Test No. S-1018 

Car 
Initial 

A. 1'. & S. F. 
C.&N.w. 

r,,c. 
.. .. 

S . 1\ . L. 
L . R.&M . 

O. G. &N. E . 
So.~tb 

L.&N. 
Bhr 4 . 
T . C. 

c .&~.w. 

r, ,c. 
s.-. r. .. .. .. .. 

r. 'l'. Co. 
I. c. 

S. C. 0 . Co. 
I. s. 

S. C. Co. 
I. C. 

M.L. &T. 
A. G.S. 
D . &W. 
L.&N. 
Peno. 

P .R. R. 
N . C. -~.St. L. .. 

S o~.th 

St- L.&S.F. 
South 
G. S . I. 
M0 ,C. 

G. l>. F. 
.. 

J.C. 

Stenciled 
Light 

Weight 

pounds 

36 700 
29 800 
30 300 
29 700 
40 800 
37 800 
28 900 
34 600 
38 700 
31 900 
40 100 
41 100 
38 100 
35 800 
30 000 
33 500 

29 000 

30 000 
41 000 
48 100 
40 400 
30 700 

cl.1 100 
34 700 
36 900 
33 300 
45 400 
30 800 
33 300 
30 200 
29 100 
33500 
33 800 
3-1 000 
35 600 
28 600 
28 500 
2~ 500 
27 200 
27 !00 
27 500 

T ABLE 9 TONNAGE RECOitD 

Test No. 8-1019 

46 712 I,,C. 38 100 
38 898 36 700 
14 005 .. 

30 100 
35 160 .. 

36 900 
500 A. T. L. Co. 41 720 

25 173 I. C. 37 100 
19 287 S. A. L. 33 300 
11 539 N. C. & St. L 33 800 

997 P.M 34 400 
I 853 D&M. 33 100 
3 768 N. C. & St. L 37 100 

57 378 C . M. &, St. P 29 900 
33 580 I. C. 36 000 
55 968 L. & N. 41 400 
46 836 1:,0. 38 100 
16 200 30 000 

Capacity 

oounds 

70 000 
80 000 
60 000 
80 000 

100 000 
80 000 
60 000 
60 000 
80 000 
60 000 

100 000 
50 000 
80 000 
80 000 
60 000 
60 000 

80 000 
8 000 Gal. 
8 OOOGal. 
8 000 Gal. 
8 OOOGal . 
8 OOOGal. 
8 000 Gal 

80 000 
80 000 
12 500 Gal. 

100 000 
80 000 

80 000 
60 000 
60 000 
65 000 

100 000 
60 000 
60 000 
60 000 
60 000 
60 000 
60 000 
60 000 
60 000 
80 000 
80 000 
80 000 
60 000 
60 000 
80 000 

80 000 
80 000 
60 000 
80 000 
60 000 
t>O 000 
80 000 
60 000 
50 000 
60 000 
60 000 
80 000 
80 000 
55 000 
80 000 
50 000 

57 

Gros~ 
Weight 

pounds 

58 000 
113 600 
92 600 
44200 
38 400 

131 400 
43 400 
39 200 
34 400 
38 800 
33 600 
3; 200 
42 800 
82 200 
59 400 
39 200 
51 000 

H5 200 
65 800 
3;; 200 
41 600 
39 000 
39 400 
38 400 
39 800 
39 200 
80 800 
49 200 

148 000 
35 800 

223 600 
33 400 
34 400 
36 200 
34 600 
71 400 
55 600 
34 000 
34 600 
29 800 
33 500 
33 800 
34 000 
34 000 
27 000 
%8 500 
28 500 
27 800 
27 600 
! 7 500 
40 000 

38 100 
38 600 
30 400 
3G 900 

IOR 000 
70 000 
62 000 
4 300 

50 100 
71 100 
62 600 
70 000 
74 000 
42 000 
36 500 
30 000 



58 ILLINOIS ENGINEERING EXPERIMENT S'l'ATION 

I 

Kind 
of 

Car 

B.~x .. .. .. 
Goq';lola .. 

.. .. .. 
Box 

Ref rigerator 
'l'n.ok 
fl,(!X .. .. 

Go'!';lola .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. 
Box 
.. 

GOJ?~ola .. .. .. 
, ; .. .. .. .. .. 

F)!\t .. .. .. 
Caboose 

TABLE 9 TONNAGE RECORD-(Continu,ed) 

L oaded 
or 

Empty 

LorE 

E 
.. .. .. .. .. 
.. .. .. .. .. .. 
L .. 
E 
L 
B .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. 

Car 
No. 

12 296 
12 302 

. 37 189 
24 525 
37 157 
88 956 
00 907 
81 sos 
96 187 
87 235 
86 619 
30 249 
19 529 
6 278 

45 2-16 
142 3t2 
141 780 

7 613 
105 880 
86 524 

104 438 
JOO 22.q 
94 144 
93 670 

5 470 
94 433 
87 576 
81 63j 
87 931 
86 493 
l!9 415 
90 560 
83 302 
83 372 
92 680 
95 924 
89 504 
91 R13 
86 821 
81 851 
90 634 
82 9;;8 
91 289 
89 443 
95 945 
9l 941 
85 915 
87 758 
01 822 
91 482 
96 285 
83 017 

101 052 
82 279 
31 042 
22 3~ 
6 391 

94 006 
90 487 
86 003 
93 95! 
91 861 
85 214 
88 076 
90 050 
85 151 
!S3 526 

790 
I 202 

590 
272 
825 

98 600 

Car 
I ntitlal 

L,C. .. .. .. .. .. 
.. .. .. .. 

T. R. E. 
C. F. X . 
C. T. L . 
L,C • .. 

" .. .. .. .. .. 
. . .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. 
, ; .. .. .. .. .. .. .. 
,; .. .. .. .. .. 

1- s. 
r-.. c . .. .. .. .. .. .. .. .. .. .. 

, ; 

M. C. 
C. S. I 
C. S. I 
M. C. 
I. c. 

Stenciled 
LiJrht Capacity 

W eigh t 

pounds pounds 

29 400 60 000 
29 700 60 000 
34 500 80 000 
36 400 80 000 
33 600 80 000 
31 90() 80 000 
30 900 80 000 
28 800 60 000 
30 600 80 000 
31 400 80 000 
30 900 80 000 
38 700 50 000 
34 400 50 000 
47 000 
37 400 80 000 
42 700 100 000 
43 60() 100 000 
27 100 50 000 
40 399 100 000 
31 200 80 000 
40 700 100 000 
40 4()(1 100 000 
31 000 80 000 
:JO ()()() 80 000 
23 200 50 000 
30 900 80 000 
31 500 80 000 

I 27 700 60 000 
31 900 80 000 
30 8()0 80 000 
31 7()() 80 000 
32 200 80 000 

I 
28 400 60 000 
28 600 60 000 
30 900 80 000 
31 700 80 000 
32 000 80 000 
29 600 80 000 
32 200 80 000 
28 70(1 60 000 
32 3()() 80 000 
28 40() 60 000 
29 000 80 000 
3J 800 . 80 000 

I 31 800 80 000 
31 000 8(1 000 
31 600 80 000 
31 000 80 000 

I 30 400 80 000 
30 300 80 000 
32 000 80 000 
27 300 60 000 
38 /i()() 100 000 
28 10() 60 000 

I 36 300 eo ooo 
31 000 eo ooo 
2• 200 60 000 

I 
80 500 80 000 
31 600 80 000 
31 000 80 000 

I 
31 400 80 000 
33 700 80 000 
30 700 80 000 
31 700 80 000 
31 000 80 000 
31 300 80 000 
27 300 60 000 
27 100 80 000 
28 100 80 000 
27 400 80 000 
24 400 60 000 
28 500 80 000 

I 
I 

I 

I 

Gross 
Wei1rh~ 

pounds 

29 000 
30 00(1 
35 000 
36 400 
34 so:> 
32 000 
32 000 
28 000 
32 I\XI 
31 4()0 
30 800 
38 7()() 
37 200 
95 200 
37 200 
42 700 
43 100 
27 100 
40 400 
31 400 
40 800 
41 000 
32 000 
30 400 
23 100 
30 600 
32 100 
211 900 
31 bOl) 
31 100 
3~ 100 
32 300 
28 400 
c>8 60\1 
30 90() 
32 )()() 
32 40,.1 
3000() 
32 3()(1 
28 90() 
32 50,.1 
2.~ 40,.l 
30 JO() 
:12 100 
32 000 
30 9()(1 
31 90() 
31 l'Ol) 
30 600 
30 ~00 
32 0()() 
28 10,.1 
39 5()(1 
28 2()(1 
35 5()(1 
31 5()(1 
24 20(1 
31 100 
31 900 
31 000 
31 7()() 
33 IOCl 
31 10,.) 
31 400 
31 000 
31 20,1 
27 000 
27 <XXl 
28 100 
27 400 
2g 400 
28 400 
40 000 



K 

Car 

T est 
Go'!~ola 

., 

. , .. .. .. .. .. .. .. .. .. .. .. .. .. .. 
8~.x 

'1,~?k 

H.'~X 

Go'!1ola .. .. .. 
Uox 
.. .. 

F/\\t 

Refrf:.:era.tor 
B.~x 

Gondola 
Refrigerator 

Box 
Go'!~Ola 

.. 
Refri~~rator 

l 41lat 
Box 

Refril!erator 
Box 

Go~~ola 
.. 
" .. 
" .. .. 
, . 
.. .. 

C11boose 

SCHMIDT-FREIGHT TRAIN RESISTANCE 

TABLE 10 TONNAGE RECORD 

r,oaded 
or 

Empty 

Lor E 

E 
~ 
" .. .. 
,. 
,. 
.. .. .. .. .. 
.. 
.. .. .. .. 
.. .. 
.. 
F. 

L 

" 
" .. .. .. .. .. 
" .. .. .. 
E 
I: 
" 
E 

~ .. 
~ 

~ 
E 
~ 
" .. 
" 
" 
" .. .. .. 
" 
" 
E 

Car 
No. 

17 
97 430 
95 341 
88 198 

105 823 
90 733 
87 110 
88 4 18 
84 458 
88 321 
~I 982 
9 1 087 
92 434 

110 325 
3 380 

S.1 881 
84 313 
92 8 1:I 

100 2~2 
47 936 
17 469 
6 355 
6 315 

22 469 
9 858 

104 238 
89 092 

101 130 
82 069 
81 382 

130 860 
82 292 
56 120 
12 655 
66 686 

131 191 
9 547 
7 304 

130 987 
86 023 

2 130 
74 674 

104 603 
104 872 
105 603 

6 417 
50 56-1 

807 
39 641 

3 031 
11 344 
87 136 
83 896 
90 589 
87 685 
93 498 
9!\ 054 

100 041 
97 555 

220 
95 342 
97 459 

Test No. S-1021 

Ca.r 
Initial 

l:.C· .. .. .. .. 
., 

" .. .. 
" 
" .. 

I. s. 
I : _C . 

" .. .. 
" 

C. '1': L. 

I. c. 
N.C.&St. L. 

r,.c. . . .. .. .. 
S. P . 

C.&N. W. 
r,,c . 
.. 

A. R. L . 
H.&T.C. 

l:,C. 

C. R.D. 
C.&N. W . 

1,,c. .. 
A. R.L. 

I. C. 
G. &$.I. 

I. C. 
P. B. C. 
H . & R . 

l : ,C. .. .. 
" .. .. 
" 

S . L. B. &S. 
r. c . 
.. 

Stenciled 
f,ight 

, l eig h t 

pounds 

31 400 
30 JOO 
3.1 000 
◄0 400 
31 400 
32 000 
32 000 
30 800 
32 600 
29 400 
30 700 
31 400 
41 600 
40 400 
28 900 
27 300 
30 700 
33 100 
39 000 
29 000 

38 600 
33 900 
40 500 
32 500 
36 700 
29 000 
26 900 
42 300 
34 200 
31 500 
29 000 
28 000 
39 500 
38 700 
SO 400 
42 300 
31 200 

34 000 
! O 500 
40 000 
40 200 
81 300 
35 600 
26 400 
36 300 
30 700 
42 000 
31 700 
26 600 
33 300 
SI 800 
31 000 
30 200 
3l 400 
3 1 800 
28 000 
29 000 
31 400 

Capacit y 

pounds 

100 000 
80 000 
80 000 

100 000 
80 000 
80 000 
80 000 
wooo 
80 000 
60 000 
80 000 
80 000 

100 000 
100 000 
60 000 
60 000 
80 000 
90 000 
~o ooo 
60 000 

80 000 
60 000 

100 000 
80 000 

JOO 000 
60 000 
60 000 
80 000 
80 000 
50 000 
60 000 
80 000 
80 000 
50 000 
60 000 
80 000 
80 000 

80 000 
100 000 
100 000 
100 000 
50 000 
50 000 
80 000 
80 000 
40 000 

JOO 000 
80 000 
60 000 
80 000 
80 000 
80 000 
80 000 
90 000 
80 000 
00 000 
80 000 

JOO 000 

59 

Gross 
W eight 

\lOUnds 

58 000 
104 600 
105 000 
98 000 

152 000 
107 000 
108 300 
105 600 
87 000 

109 000 
88 000 

)10 700 
106 900 
JSS 800 
H4 000 
87 700 
86 000 

I IO 000 
124 400 
104 000 
70 600 
38 300 
37 800 
81 700 
66 200 

148 500 
115 500 
134 700 
88 000 
83 000 
96 000 
75 000 
58 000 
58 000 

105 000 
95 000 
40 000 
69 000 
78 000 

118 000 
41 000 
34 000 

149 000 
146 000 
143 800 
35 800 
36 000 
61 800 
47 000 
33 700 

J 11 200 
112 400 
86 000 

112 000 
109 400 
107 800 
108 000 
123 000 
99 000 
811 000 

105 000 
103 000 
84 000 



60 ILLINOIS ENGINEERING EXPERIMENT STATION 

TABLE 11 TONNAGE RECORD 

Test No. S-1023 

Kind Loaded Car Car Stenciled Gro~s 
ot or L ight Capacity 
Ca r Empty No. I nitial Weill'bt Weir ht 

Lor E pounds pounds pounds 

Test E 17 58 000 
Box f.: 141 953 I , .C· 43 500 100000 76 000 

Gondola JO! 462 40 700 100 000 I JO 000 .. 
95 llO " 30 000 80 000 83 000 .. .. I JO 088 " 41 000 100 000 100 000 .. .. 95 949 " 30 900 80 000 79 000 

'1,ank " 59 R. 0. R. Co. 80 000 58 000 
B<?x " 80 880 P.R. R . 3.1 500 80 000 74 000 .. 10 951 N. C. & S t . L, 32 700 60 000 88 000 .. E 133 684 Southern H3 200 60 000 33 000 

Gondola t: 85 410 I ,,G. 33 300 80 000 93 000 
80 355 27 100 60 000 80 000 .. .. 
00 035 " 29 500 80 000 112 000 

Box " 11 893 L.&N. 30 400 60 000 75 000 
Go~~ola 

., 
S5 248 I,,C. 31 000 80 000 112 000 

" 89 009 32 200 80 000 106 000 .. .. 94 119 " 31 100 80 000 113 000 .. .. 81 946 
.. 28 400 60 000 96 000 .. .. 84 309 
.. 27 500 60 000 92 000 .. .. 88 5M .. 32 400 80 000 103 000 .. .. 87 027 .. 3 1 700 80 000 95 000 .. .. 87 989 
.. 32 100 80 000 110 000 .. .. 90 347 " 33 000 80 000 111 000 .. .. 80 226 " 24 700 I!() 000 80 000 .. .. 

84 268 " 29 500 60 000 78 000 .. .. 100 190 
.. 34 400 90 000 124 000 .. .. 

110 196 
.. 40 800 100 000 l:l3 000 .. " 106 943 
.. 40 300 100 000 143 000 .. .. 

llO 936 
.. 27 900 60 000 87 000 .. .. 90 907 
.. 30 900 80 000 JO~ 000 .. .. 

82 970 
.. 26 900 60 000 88 000 .. .. 104 451 .. 40 700 100 000 133 800 .. .. 84 142 
.. 28 200 60 000 89 000 .. .. 89 ;J80 
, , 

31 800 80 000 108 000 

~<?X .. 39 074 .. 38 300 80 000 94 000 .. 
141 730 

.. 43 700 JOO 000 105 000 
Refrillerator E 6 492 N.C.L.C. 60 000 43 000 

Box L 10 Ol9 I. C. 80 800 60 000 36 000 
Refrigerator ¥i 301 U. R. T . Co. 41 100 50 000 39 000 

~ <?X 155 S. H. C. Co. 40 800 60 000 40 000 .. 2 056 G.B. &W. 31 400 60 000 31 000 
" 

.. 108 260 E ri~ 40 JOO 80 000 38 900 
" L 7 220 I,,C. 25 500 50 000 77 800 .. E 28 475 36 500 60 000 52 800 

'l'ank L 708 D. R. & U . 76 000 
Box ~ 48 7~2 I. C 39 100 80 000 55 000 

Gondola 50 861 E;~ie 40 900 100 000 41 000 .. 16 977 •J2 800 100 000 42 800 
Box L H I 005 I. C. 4:l 600 100 000 80 000 

Gondola 57 131 B, & O. 28 200 60 000 67 000 
Box ~ 83 308 C. &N. W. 32 600 80 000 32 000 

56 189 U. P. 28 000 50 000 28 000 .. .. 78 219 c. &,'t'f· w. 34 450 80 000 34 000 
" .. 48 596 28 300 40 000 28 400 .. .. 8t! S, H. C. Co. 40 800 60 000 39 000 
" ~ 13 803 r. C. 29 100 60 000 ,I 000 .. 

H 437 29 500 60 000 65 000 
Caboose E 98 026 

.. 40 000 
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T A BLE 12 T ON NAGE R ECORD 

T e s t No. S-1027 

Kind Loaded Car Car Stenciled Gross of or No. Initial Lii:ht Capacity Weight Car Empty Weight 

Lor E pounds pounds pounds 

Test E 17 58 000 
Go1;<;Iola L 104 866 I : ,C. 40 300 100 000 146 700 

HH 482 36 000 100 000 H8 100 
106 662 40 200 100 000 146 000 

Box 15 035 29 200 60 000 52 000 
17 391 30 000 00 000 59 BOO 

Go1;<;10Ia 3 008 l. s. 40 200 100 000 135 400 
609 C. C. & Co. 31 700 80 000 105 900 
622 C. C. & Co. 31 700 80 000 106 500 

92 361 I:,0. 33 000 80 000 109 800 
104 423 40 900 100 000 139 300 

:J 05! I. $ . 40 100 !\)() 000 H2 400 
105 824 I. C. 40 300 100 000 122 000 
80 466 26 700 00 000 SJ 000 
92 965 30 800 80 000 98 000 
94 160 31 400 80 000 100 200 
85 775 31 200 80 000 100 300 
88 635 31 400 SO 000 10! 400 
as 229 27 200 00 000 81 000 
81 193 27 ~00 60 000 8:J 600 
SO 822 27 500 60 000 81 900 

! 04 540 40 500 100 000 )4;?()()() 
94 317 30 800 SO 000 108 500 
91 922 30 400 80 000 JOI 800 
91 551 2ll 800 80 000 105 800 
88 090 31 500 80 000 IOI 100 
93 860 30 300 80 000 107 JOO 
80 089 28 000 60 000 80 800 
75 482 23 000 50 000 65 900 
86 315 31 000 80 000 103 200 

629 C. C. &Co. 31 700 60 000 106 500 
76 275 I. C. 24 800 50 000 78 300 
16 225 W.M. 39 100 80 000 117 300 
87 491 l:_C. 32 000 80 000 101 800 
93 520 29 800 80 000 104 700 

Box 10 931 T.&N.O. 30 700 60 000 64 100 
21 957 I: ,C. 38 200 80 000 lOl 500 

Gondola 85 133 31 500 80 000 62 700 
Bo:ic 3.1 362 C. &N. 32 400 50 000 38 000 

Gondola 88 516 I. C. ::1 800 80 000 918 000 
Box 1 614 C.&O. 37 700 SO 000 90 100 

7 542 r, .c. 28 200 50 000 75 000 
17 356 30 100 60 000 73 000 

F:l,M 69 086 33 100 100 000 75 000 
~ 67 114 25 600 SO 000 27 600 

Caboose 38 000 
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TABLE 13 TONN AGE RECORD 

Test No. S-1030.A. 

I I I I 

-

I 
Kind Loaded Car Car Stenciled Gross of o r No. luitia l Liirbt Capacity WeighL Car Empty Weii:h t 

LorE I -~ I I 
pounds 

I 
pounds I pounds 

r1'est E 17 58 000 
Gondola 

!_j. 
1106119 1:,C- 41 100 100 000 130 000 
11 1 182 40 700 100 000 129 -100 .. .. 
87 3'6 

.. 30 700 80 000 109 300 .. .. 
3 264 I. s . 40 •100 100 000 14% 300 .. .. 

101 <'09 I:,C . 38 100 JOO 000 145 000 .. .. 106 217 40 400 100 000 144 500 .. .. 
25 601 

.. 31 300 80 000 10; 800 .. 
" JOI 160 .. 40 200 100 000 146 000 . . .. 105 667 .. 40 300 100 000 142 600 .. .. 

10 1 052 .. 38 500 100 000 143 600 .. " 96 21:l .. 31 900 80 000 106 200 . . .. 106 868 .. 40 200 100 000 145 200 .. , . 
81 275 .. 29 700 60 000 SS 4\'0 .. " 82 959 .. 27 900 eo ooo 87 600 .. .. 
89 028 .. 33 600 80000 109 600 .. .. 
~I 296 .. 28 !!00 60 000 86 600 .. .. 11! 248 .. 40 800 100 000 133 000 .. .. 3 :37.'\ I. s. 40 500 100 000 147 00(\ .. .. 10! 037 l:,C . 40 900 100 000 147 00(\ .. .. 86 48() 32 000 80 000 119 000 .. .. 

10-l 366 
.. 

40 400 100 000 154 80v .. .. 92 183 . . SI 000 80000 116 900 .. .. 94 862 .. 32 600 80 000 117 l ()(l .. .. 94 539 .. 32 100 80 000 119 200 .. .. 104 877 .. 40 300 100 000 154 000 .. .. 93 341 .. 30 700 80 000 118 600 .. .. 86 032 .. 29 800 SO 000 Ill 500 .. .. 89 078 .. 31 900 80 000 113 400 .. .. 
88 556 .. 32 200 80 000 I 10 500 .. .. 9G 79J .. 32 00() 100 000 113 000 .. .. 81:l ;;77 .. 3~ 400 80 000 lll 200 .. .. 100 243 .. 32 800 90 000 125 500 

Ce.boose 1!: 98 016 .. 40 000 

- -



Kind 
or 

Car 

'l'est 
Gon~?la .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. 

llox 
Gondoli< 

llox 
.. .. .. 

Caboose 

B
1
~x 
.. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. 

SCHMIDT- FREIGHT TRAIN RESISTANCE 

TABLE 14 '.roNNAGE RECORD Test No. S-1030B 

I 

Loaded 
or 

Empty 

Lor E 

E 
L 
.. .. 
" .. .. .. .. .. .. 
.. 
" .. .. .. .. .. .. .. .. .. 
" .. .. 
" .. 
" .. .. 
" .. .. .. 
E 
~ .. .. 
E 

Car 
No. 

17 
I IO 699 
111 162 
87 386 

3 261 
101 209 
100 217 
25 601 

1\)1 160 
]1),5 667 
101 052 
96 213 

11)6 866 
81 275 
82 959 
89 028 
81 296 

111 248 
3 375 

10-I 037 
86 ~80 

)04 :,00 
92 183 
9-l 862 
91 539 

104 877 
93 341 
86 032 
89 078 
88 556 
96 79-l 
88 577 

100 2-13 
9 1 482 
66 107 
05 645 
13 HO 

112 610 
14 474 
11 84:' 
98 016 

Car 
Initial 

I; ,C. .. 
I. s. 
I;,C· .. .. 
" .. .. .. .. .. .. .. .. 

I s . 
J. c. .. .. .. . . .. 
" .. .. .. .. .. .. 

L. &:,N. 

M. C. 
s. 
J.C. 

C. N. O. & '1'. P . 
L. & N . 

J . c. 

I 
Stenciled 

Light 
Wei11ht 

I· pound, 

41 100 
40 700 
30 700 
40 400 
38 100 
·10 400 
31 300 
40 200 
40 300 
38 500 
31 900 
IO 200 
29 700 
27 900 
33 600 
~8 80.l 
40 !J(o() 
40 500 
40 9()(1 
~2 000 
40 400 
31 000 
32 600 
32 100 
40 300 
30 700 
29 800 
31 900 
32 200 
32 000 
32 400 
32 800 
35 300 
37 200 
;39 800 
32 600 
42 900 
34 800 
30 400 

Capacity 

pounds 

100 000 
100 000 
80 000 

100 000 
100 ()(l() 
100 000 
80 000 

100 000 
100 000 
100 000 
80 000 

100 000 
60 000 
f,() 000 
80 ()(X) 
00 000 

100 000 
100 000 
100 000 
80 000 

100 000 
80 000 
80 000 
80 000 

100 000 
80 000 
tlO 000 
80 000 
80 000 

100 000 
80 000 
9(1 000 
65 000 
80 000 
60 000 
60 000 

100 000 
60 000 
60 000 

TABLE 15 TONNAGE RECORD Test No. S-1031 

r,; 34 853 
I I;,C. 37 300 80 000 

37 120 3·1 300 80 000 .. 33 IOI .. 
37 800 80 000 .. 

11 771 
.. 

29 500 60 000 .. 
24 366 

.. 
36 500 80 000 .. 

45 812 
.. 

39 000 80 000 .. 35 859 
.. 

36 300 80 000 .. 
40 217 

.. 35 600 80 000 .. 
37 43() 

.. 
35 000 80 000 .. 

48 72;! 
.. 

39 100 SO 000 .. 15 256 
.. 

29 500 60 000 .. 18 369 
.. 

28 900 60 000 .. 46 321 .. 37 100 80 000 .. 
26 699 

.. 
36 300 80 000 .. 38 079 .. 33 700 80 000 .. 

49 040 
.. 

38 000 80 000 .. 
25 514 

.. 
35 500 80000 .. 

34 97-1 
.. 

36 500 80 000 .. 24 617 
.. 3,; 800 80 000 .. 47 800 
.. 

37 700 80 000 .. 
141 461 

.. 
43 600 100 000 .. 

140 995 
.. 

42 800 100 000 .. 
49 485 

.. 
33 800 80 000 .. 36 259 

.. :16 400 80 000 .. 
16 IS.1 .. 

30 000 60 000 
L 49 414 

.. 
35 300 80 000 

22 932 
.. 

37 400 80 000 .. 
19 896 

.. 
20 100 60 000 

I 

63 

Gross 
Weight 

pounds 

58 000 
laO 000 
129 400 
109 300 
142 300 
145 000 
144 5(Xl 
)05 800 
1-15 00() 
142 600 
143 600 
106 200 
145 200 
88 400 
87 600 

109 00.1 
86600 

133 000 
147 OOJ 
147 000 
119 ()(X) 
154 8()() 
116 900 
117 400 
119 200 
154 000 
118 600 
111 500 
113 400 
110 500 
113 000 
111 200 
125 500 
106 100 
102 920 
40 000 
50 000 

151 900 
71 700 
88 600 
40 000 

37 300 
34 300 
37 900 
29 500 
36 500 
39 000 
36 300 
35 700 
35 100 
39 200 
29 500 
28 800 
37 100 
36 200 
33 700 
88 100 
85 500 
36 600 
85 600 
37 700 
13 600 
42 800 
33 800 
36 400 
30 000 
59 050 
72 900 
73 800 



64 ILLINOIS ENG[N EElUNG EXPERIMENT ST ATION 

TABLE 15-( Continued) 

m od Loaded Car Car Stenciled Gross of or No. Cnitial Ligbt Capacit y Weigbt Car Empty Weigbt 

Lor E pounds pounds l)OUDdS 

.. " 20 289 , . 
28 600 

I 
00 000 74 300 

" " 15 400 
.. 

29 900 00 000 73 500 .. .. 
49 l f:l .. 

35 500 80 000 74 100 , ; 
E 6 909 L. & N. 30 900 f,() 000 30 700 

Gondola 18 273 s. 40 100 100 000 40 300 
Box .. 

19 508 St.L. & S. W. 32 000 00 000 

I 
32 JOO 

Flat .. 
66 887 l:,C. 27 600 80 000 27 300 

Caboose .. 
98 I IQ 40 000 

TABLE 16 '.roNNAGE RECORD Test No. S-1033 

'l'est E Ii 58 000 
Gon~ola L 49 ()8.j N ,& W . 37 900 80 000 121 000 

,:lt C. C.&Co. :; 1 700 80 000 110 000 .. .. 
7o8 31 600 80 000 104 600 .. .. 
(l!U .. 

31 700 80 000 10·1 000 .. ,. 
i42 .. 

31 700 80 000 108 300 
" .. 

748 
.. XI 700 80 000 I0t 300 .. .. 10 , 775 r. .. c . ·IO 300 100 000 132 ·100 .. .. 

JOI H9 40 700 JOO 000 133 JOO .. .. 
S.1 232 28 300 (l() 000 88 000 .. .. 
12 07G D 3:l 500 80 000 97 100 .. .. 
89 418 I. C. 3 1 800 80 000 109 000 .. .. 89 51).; 32 500 80 000 106 400 .. .. 
47 OJ3 N . & W . 32 000 85 000 99 000 .. .. 
79 189 I. C . 2 1 :,00 50 000 72 700 .. .. 

666 L .A. & W. 40 600 60 000 92 800 .. .. 
I lo 003 1., .c. ·13 000 100 000 122 300 .. .. 
85 006 31 000 SO 000 ll3 ()()() .. .. 
83 928 .. 

;!{j 500 60 000 77 000 .. .. 
106 446 .. :m 600 100 000 133 100 .. .. 
! OJ 816 .. ~o 200 100 000 142 000 .. .. 
8G 763 

.. 
32 100 80 001) l(H 000 .. .. 

97 319 
.. 

32 900 100 000 98 000 . . .. 
07 061 

.. 
3 1 000 100 000 10 1 000 .. .. 

8 1 968 
.. 26 400 60 000 88 100 .. .. 

707 C.C. Co. 31 700 SO 000 107 000 .. .. 
91 140 1,.c. 3 1 600 80 000 98 000 .. .. 
88 213 3 1 900 80 ()00 105 000 .. .. 
86 642 

.. 
31 300 80 000 106 000 .. .. 

111 336 .. 
40 100 100 000 126 000 .. .. 

80 952 
.. 

26 000 60 000 84 000 .. .. 
79 077 .. 

3-1 000 50 000 82 000 .. .. 
J.J 72:.? M. &O. :-tl 900 80 000 95 100 .. .. 

106 167 r, .c . ·JO 300 100 000 136 000 .. .. 
90 .335 32 700 80 000 102 000 .. .. 
O:l 442 .. 

29 500 80 000 101 600 .. .. 
16 738 F.rie 42 800 JOO 000 102 800 " .. 
S.5 MO I .. . C. 31 000 80 000 110 900 .. .. 87 672 31 300 80 000 101 000 .. .. 
30 456 C.&B. 39 100 100 000 128 000 .. .. 
80 853 1, .c. 28 300 60 000 86 100 .. .. 
85 959 :~1 000 80 000 103 100 .. .. 

644 C.C. Co . :11 700 80 000 106 100 
Cuboose E 19 5H) I. C. 40 000 
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TABLE 17 TONNAGE RECORD Test No. S-103-! 

Kind Loaded Car Car Stenciled Gross of or ~o. I nitial Li11bt Ce.pa.city Weight Car Empty W eight 

Lor 8 pounds pounds pounds 

Gon,<)ola ~ 80 223 1._p. 26 900 00 000 25 200 
89 617 32 200 80 000 32 400 .. .. I IO 863 

.. 
41 000 100 000 41 200 .. .. 

34 773 N. Y.C . 41 600 100 000 41 700 .. .. 
86 158 1._9 . 31 300 80 000 31 100 .. .. 
80 338 24 500 00 000 23 900 .. .. 
87 806 

.. 31 500 80 000 31 500 .. .. 96 219 30 900 80 000 30 500 .. .. 9 o:~ T,&O.C . 26 700 60 000 2~ 500 .. .. 
79 089 I., p . 23 200 50 000 23 300 .. .. m 12a 31 JOO 80 000 31 800 .. .. 8:2 5-16 

.. 
27 900 60 000 27 500 .. .. 104 295 .. 40 500 100 000 40 400 .. .. 

895'13 
.. 

30 000 80 000 31 300 .. .. 
110 7'J2 

.. 41 500 100 000 41 700 .. .. 9'2 200 

.. 
31 100 80 000 30 500 .. .. 84 227 

.. 
28 400 60 000 27 200 .. .. 

81 254 
.. 27 400 60 000 26 700 .. .. 85 110 
.. 

31 400 80 000 30 400 .. .. 1().5 192 .. 40 :lOO 100 000 40 200 .. .. 15 248 Van. Line 40 700 100 000 40 600 .. .. 
92 46.5 r., p . SI 200 80 000 30 200 .. .. 
90 716 31 400 80 000 SO 700 .. .. 

800 312 Peon . 38 400 100 000 38 300 .. .. 
3 190 I. s. 40 ll()() JOO 000 40 400 .. .. 

47 608 N.&W . 32 600 85 000 34 000 .. .. 
93 502 I.,p . 30 100 80 000 30 400 .. .. 

105 620 40 300 100 000 40 JOO .. .. 
85 250 

.. 30 400 80 000 30 900 .. .. 
90 396 

.. 
31 000 80 000 30 900 ... .. 

3 183 I. S . 40 400 100 000 40 600 .. .. 
96 492 I., p . 31 000 80 000 30 300 .. .. 

104 730 40 400 100 000 40 500 .. .. 
IOI 667 

.. 
40 700 100 000 40 600 .. .. 

94 002 
.. 

32 000 80 000 32 100 .. .. 
82 741 

.. 
27 000 60 000 28 600 .. .. 

282 388 Peon . 45 000 100 000 40 400 .. .. 
94 128 L, p. 30 300 80 000 30 100 .. .. 9~ 783 31 200 80 000 30 900 .. .. 104 70-2 .. 

40 000 100 000 40 500 .. .. 96 71)7 
.. 

31 400 100 000 33 200 .. .. 
96 917 

.. 
30 200 80 000 30 200 .. .. 

106 219 
.. 

40 300 100 000 40 200 .. .. 28 743 c. & o . 39 900 100 000 38 700 .. .. 
83 171 I.,p. 28 400 60 000 27 200 .. .. 
96 089 31 000 80 000 31 000 .. .. 
49 415 N.&W . 38 200 100 000 37 100 .. .. 
93 048 I. C. 31 000 80 000 31 000 .. .. 13 930 C.&O . 25 000 60 000 25 300 .. .. 13 (1-18 N.&W. 34 100 80 000 34 000 .. .. 
211 059 c.~.o . 41 400 100 000 41 000 .. .. 14 840 30 900 80 000 30 300 .. .. 76 008 I.,p. 24 300 50 000 23 000 .. .. 
86 763 32 100 80 000 30 700 .. .. 
83 969 

.. 
26 200 60 000 27 200 .. .. 

88 028 
.. 

30 400 80 000 31 400 .. .. 89 502 .. 
31 800 80 000 31 500 .. .. 806 908 .. 40 200 JOO 000 40 100 .. .. 

68 008 L. &N. 35 400 80 000 35 500 .. .. 
81 422 r., p . 26 800 00 000 27 000 .. .. 

106 388 40 800 100 000 40 800 .. .. 11 62~ c. &,lj:. I. 32 400 80 000 31 000 .. .. 
75 084 38 400 100 000 38 900 .. .. 
3 303 I, S . 40 100 100 000 40 000 .. .. 10., 81 I r.,p . 40 400 100 000 40 800 .. .. 

91 161 30 000 80 000 29 600 .. .. 
27 237 Rig Four 22 500 50 000 24 000 .. .. 
33 336 L. & N . 28 400 66 000 28 500 .. .. 91 9-H I., 9 . 33 000 80 000 31 300 .. .. 

106 191 40 000 100 000 40 200 .. .. 
78 930 

.. 
25 200 50 000 23 500 .. .. 

85 198 
.. 

31 300 80 000 30 500 .. .. 
91 102 

.. 
31 300 80 000 29 700 .. .. 

32 243 L. & N. 30 400 66 000 30 200 .. .. 
41 069 N.& ·w. 38 100 100 000 38 000 

Ca boose .. 
08 465 I. C. 40 000 
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! Test E 
Flat L 

Go'!401a 

I 
.. 

" 
.. 

" 
.. .. .. .. .. .. .. 

" 
.. .. .. 

Bo:< 
.. 

Refril!'.emtor .. 
Box E 

L .. E .. L .. 
" .. .. 

" .. 
" .. .. .. 
" 

.. .. .. 
" .. .. .. .. " .. .. 
.. .. .. E .. 

~ .. .. .. 
Gondola. .. 

Refril!'.emwr E 
~9x r, 
.. .. 
" .. 
" " 

Gondola .. 
Bp_x 

.. .. 
" 

... .. E .. L .. 
Gondola. 

.. 
Box .. 

Gondola 
.. 

Retrigerator 
Caboose Ji: 

TABLE 18 TONNAGE RTWORD 

I 

I 

Test No. S-1036 

Car 
No. 

17 
65 913 
ijl 595 
97 929 
95 885 
87 632 
96 914 
76 735 
84 272 
91 429 
89 678 
13 66-1 
55059 
14 OIO 
21 307 
41 633 
18 103 

131 327 
122 440 

8 116 
39 116 

HI 137 
12 971 
7 198 

19 591 
18 581 
9 593 
9 224 

II 136 
M 614 
5 251 
6 714 

49 041 
95 823 
5 i73 
6 692 
6 609 

28 434 
H 257 
40 571 
85 836 
11 Ul5 
13 534 
42 109 
27 093 
10 M59 

141 286 
3 218 

13 675 
93 300 
55 987 
98 ()j0 

Car 
Initia.l 

I.,_C. 

" .. 
. . .. 
" 
" .. .. 

W. C . 
I. C. 

N. Y. C. 
I. (.;. 
F . M . 

C. B. & Q. 
I. C. 

C. S .N. 0. &P . 
St. J . & G. I. 

I.,.C· .. 
Big F our 

M •. ~O . 
., 

C. I. & L . 
M. C. & S t,L. 

C.& N. W. 
N. C. & St. L. 

1._9. 

Armour 
I. C. 

l
'l'. St. L. & \V. 

N. Y. C. 
Penn . 

I M. &O. 
r.. 9. 

Q. & C. 
l. C. 

L. S. & M. s. 
I_., C. 

I. s. 
r.. p. .. 
.. 

Stenciled 
Lil?'bt 

W eia-ht 

pounds 

27 900 
27 500 
31 JOO 
31 000 
31 700 
31 900 
25 200 
37 500 
33 000 
32 400 
29 000 
36 900 
33 600 
37 500 
3-1 500 
25 200 
39 700 
39 5()() 
35 400 
36 300 
43 100 
30 200 
31 200 
33 7()() 
33 500 
31 200 
29 800 
34 000 
30 100 
29 500 
29 600 
39 100 
31 600 
38 700 
26 800 
38 100 
35 800 
44 4(X) 
34 600 
30 5()(1 
29 8()(1 
33 800 
33 400 
29 300 
30 000 
42 600 
40 300 
29 800 
31 900 
38 600 

C11pacity 

pounds 

I 80 000 
60 000 
80 000 
80 000 
80 000 

100 000 
50 000 
60 000 
80 000 
80 000 
60 000 
60 000 
30 000 
80 000 
60 000 
40 000 
80 000 
80 000 
80 000 
80 000 

JOO 000 
60 000 
60 000 
60 000 
60 000 
60 000 
50 000 
60 000 
60 000 
60 000 
60 000 
80 000 
80 000 
50 000 
50 000 
80 000 
80 000 

100 000 
60 000 
80 000 
60 000 
60 000 
60 000 
60 000 
60 000 

100 000 
100 000 
60 000 
8() ()(J() 
60 000 

Gross 
Weia-ht 

pounds 

58 ( l()(1 
600 
00(/ 

79 
llO 
98 

106 
000 
000 

()() 108 4 
105 ()()0 
78 ()( )0 

76 
J06 ()( 

()()0 
00 
00 
()(l 

00 
000 
300 
600 
00() 

110 I 
3i I 
38 4 
31 
56. 
35 
6-1 
91 4 00 

()(l 
8()() 

600 
300 
000 
500 
2()(1 
500 

109 I 
73 

111 
64 
46 
03 -
8'.! 
01 
83 6()( ) 

()() 

00 
0\) 

73 I 
67 7 
29 4 
93 4()( ) 

) 

800 
000 
600 
000 
00 

60 8()( 
106 
74 
;JO 
72 
S'l 1 
81 
98 
90 
60 

Ill 
80 

000 
000 
000 
000 
000 
000 
00 76 I 

2:) j JOO 
00 

200 
66 4 

106 
91 ·1 00 

JOO 46 l 
74 llX ) 

()() 

I 
39 4 
40 •~X 

-



Kind 
of 
Car 

'l'est 
GO!!~Ola .. 

Box 
Gonc:t?la .. .. .. .. .. .. .. .. 

" .. .. .. .. .. .. 
" .. .. .. .. .. .. .. .. .. .. .. 

Box .. .. .. .. 
C aboose 

SCHMIDT-FREIGHT TRA IN RESISTAN CE 

T ABLE 19 T ONNAGE R ECORD 

I L. or E. J 

E 
L 
.. 
" 
" .. 
.. .. .. .. .. .. .. 
" .. 
, . .. .. 
" 
" 
" .. .. 
.. .. .. .. .. .. .. .. .. .. .. .. 
e 
L 

I 
.. 
E 

Car 
N o. 

17 
91 059 

106 262 
106 565 
142 548 

T.30 
84 047 
88 999 
85 2 15 
82 640 
81 883 
76 477 
93 511() 
90 934 
93 342 

102 091 
31 06.~ 
85 304 
26 505 

110 803 
104 015 
105 581 
104 984 
91 126 
88 312 
93 llOI 
81 303 
44 086 

HJ.I 53e 
15 820 

106 6t6 
88 8 19 

104 584 
3 160 

87 344 
70l 

12 691 
19 70.5 
16 3IO 
12 417 
98 090 

Test No. S-1038 

I 

Car 
Initial 

r..9. .. .. 
C. C. & Co. 

J.C. 

" .. . . .. .. .. 
" 
" 

C. & o. 
I. C. 

C.& 0. 
I;,C· .. 
.. .. .. 
" .. 

N . &W. 
I. C. 

M. &O. 
I.,p. .. 
I. s . 

B. &O. 
W. H . &D. 

w. c. 
r.,p. .. .. 

I 

Stenciled 
Li1rht 
Weight 

pounds 

29 400 
40 300 
40 300 
42 900 
80 000 
28 500 
32 200 
31 600 
27 600 
28 800 
23 300 
29 800 
31 000 
32 500 
37 300 
39 200 
3 1 500 
38 100 
41 100 
40 500 
40 400 
40 500 
30 600 
31 800 
31 500 
28 100 
38 300 
40 600 
34 100 
40 400 
31 600 
40 400 
40 300 
80 400 

29 JOO 
29 600 
29 800 
29 900 

Capacicy 

pounds 

80 000 
JOO 000 
JOO 000 
100 000 
&) 000 
60 000 
80 000 
f'()OOO 
60 000 
60 000 
50 000 
80 000 
80 000 
80 000 
80 000 

100 000 
80 000 

100 000 
JOO 000 
100 000 
100 000 
100 000 
80 000 
80 000 
80 000 
60 000 

100 000 
100 000 
80 000 

100 000 
80 000 

100 000 
100 000 

60 000 
60 000 
60 000 
00 000 
60 000 

I 

I 

I 

I 
I 

67 

Gross 
Weight 

pounds 

58 000 
115 000 
136 000 
134 000 
91 SO,) 

103 300 
85 300 

105 00.) 
102 700 
81 300 
80 000 
75 500 

l07 300 
! OJ 800 
104 500 
120 000 
138 000 
I l l 500 
l;l() 200 
135 500 
H6 500 
139 000 
146 100 
104 000 
105 000 
103 400 
85 ()()Cl 

129 3/10 
142 300 
I0-l 600 
143 8(~) 

104 600 
152 000 
151 000 
73 3011 
41 000 
28 9()() 
74 300 
59 600 
91 400 
40 000 
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Kind 
of 

Car 

'l'est 
Uox 

Gondola .. 
Box 

Gondol:i. .. 
Box 

GoI\<)Ola 

B,qx .. 
Tank 
B.9x .. 

Gondola 
Box 

Gondola 
Box 

Goi:<)ola 

B,qx 
.. .. 

Gondola 
Box 
.. 

Go~~ola .. .. .. .. .. .. .. .. 
~(?X 
.. 

Caboose 

I L. or E. , 

E 
~ .. .. .. 
.. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. 
.. 
.. 
.. .. .. .. .. .. .. .. .. .. 
.. .. .. .. .. .. .. .. 
E 

T ABLE 20 TONNAGE RECORD 

Car 
No. 

17 
98 633 

106 300 
106 a68 
94 314 
89 814 
@6 947 
16 683 
97 659 
78 121 
90 363 
13 381 
35 061 
17 339 
37 489 

505 
25 39-1 

131 417 
89 626 
92 487 
91 157 
SH 843 

4 931 
5 6-12 

93 209 
3•1 736 

IOI 264 
32 412 
10 137 
9-1 256 

3 467 
II lll2 
4& 541 
86 513 
89 288 

105 9-19 
91 129 
85 020 
95 929 
12 555 
96 796 
84 200 
27 738 
30 778 
49 450 
17 96!S 

Test No. S-1040 

Car 
I nitial 

C. B. & Q. 
I.,~-.. 
.. .. 

B. V. Y-
I. C . 

B. & O. 
I. C-

N.&W. 
St. L . & S. F-

L , P· 
F. O. Co. 
v. s. & p 

l._p. .. 
L . &N . 

I. c. 
N . & s . 
K. & M . 

i.,p. 
C. B. & Q . 

C.R. I. & P . 
N- C. & St. L . 

I. c. 
L . E. & St. L. 

s. 
I., ,c. .. .. .. .. .. 

c. & 0. 
r._p. 

B. V. 
S. P. 
r.,,c. 
.. 

Stenciled 
Li!Cht 

Weight 

pounds 

34 300 
40 800 
40 400 
29 000 
37 JOO 
31 JOO 
3.2 800 
30 200 
31 600 
33 600 
34 100 
35 100 
28 600 
33 500 

32 200 
39 900 
36 200 
30 000 
33 200 
30 000 
32 200 
32 500 
32 800 
36 400 
85 000 
38 000 
33 400 
30 000 
34 300 
30 900 
38 000 
31 200 
31 800 
40 300 
28 800 
81 400 
29 900 
30 900 
31 900 
27 400 
40 700 
34 000 
35 300 
31 200 

Capacity 

pounds 

80 000 
JOO 000 
100 000 
80 000 
80 000 
SO 000 
80 000 
80 000 
60 000 
80 000 
80 000 
60 000 
60 000 
80 000 
60 000 
00 000 
80 000 
80 000 
80 000 
65 000 
80 000 
60 000 
80 000 
80 000 
80 000 
80 000 
80 000 
80 000 
80 000 
60 000 
60 000 
80 000 
80 000 
80 000 

100 000 
80 000 
80 000 
80 000 
80 000 

JOO 000 
60 000 

100 000 
80 000 
80 000 
80 000 

Gross 
Weii,bt 

pounds 

58 000 
Si 000 

138 500 
H6500 
105 600 
121 000 
110 000 
)10 700 
99 300 
70 200 
95 600 

107 600 
82 200 
62 000 
71 200 
88 000 
80 400 
64 500 
79 000 

no 600 
&l 500 
86 600 
74 300 
91 600 

110 000 
56 300 
60 000 
67 900 
80 300 
78 800 

101 000 
75 800 
67 100 

125 800 
95 800 

145 600 
108 100 
108 900 
12-1 000 
115 800 
)14 300 
80 000 

)47 900 
85 200 
67 700 
52 300 
40 000 
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TABLE 21 T ONN AGE .RECORD 

Tes t No. S-1043 

mod Loaded Car Car Stenciled Gros s or or No. I nitial Lirtbt Capacity WCil(hL Car Empty Weigllt 

L, o,· E . pounds pounds pounds 

---
Go11<;1ola. )~ 95 986 I ; ,C. 30 600 80 000 :JO 600 . 

101 110 38 400 100 000 38 400 
5 008 P. & L . E. 3-1- 300 80 000 34 300 

llox 37 982 I;,C. 37 300 80 000 37 300 
15 601 29 300 60 000 29 300 
19 314 29 900 60 000 29 900 
12 938 t9 600 60 000 29 600 
17 905 30 100 60 000 30 100 
14 809 30 400 60 000 30 400 
37 132 33 000 80 000 33 000 
11 765 29 900 60 000 29 900 
23 243 33 800 80 000 33 800 
41 230 32 900 50 000 32 900 
37 957 33 000 80 000 :l3 000 
35 762 S5 l500 80 000 35 600 
36 298 36 400 80 000 36 400 
15 281 30 400 60 000 30 400 

•rank L 489 A.T.L. 38 000 65 000 102 000 
Gondola ~ 643 c.c,,&c. 31 700 SO 000 31 700 

641 31 700 80 000 31 700 
182 400 c. I. & s. 31 000 SO 000 31 000 
82 014 I. C. 26 500 60 000 26 500 

638 C.C.&C. 31 700 80 000 31 700 
19 570 C.& A. 37 200 100 000 :~ 200 
89 865 I.,9· 31 700 80 000 31 700 

105 764 40 400 100 000 40 400 
92 517 32 000 80 000 32 000 

3 803 I. s. 40 200 100 000 40 200 
97 056 1.,9 . 3% 500 100 000 32 500 
s:i 510 28 400 60 000 28 400 
97 836 30 900 80 000 30 900 
89 837 32 200 80 000 32 200 
8 1 684 30 700 60 000 30 700 

115 302 42 600 100 000 42 600 
81 483 28 000 60 000 28 000 
87 171 31 600 SO 000 31 500 
2,5 359 p &R. 33 200 100 000 3) 200 
95 6:35 I., 9. :io 200 80 000 30 200 
92 911 31 200 80 000 31 200 
88 752 32 000 80 000 32 000 
25 900 H. V. 33 100 80 000 33 100 
85 502 I., 9. 31 500 80 000 31 500 
89 559 31 000 80 000 3 1 200 
93 107 31 800 80 000 3 1 800 
8 1 999 28 300 60 000 28 700 

104 780 40 !I()() 100 000 40 300 
93 305 31 ~00 SO 000 31 200 

110 801 41 100 100 000 41 100 
97 203 30 200 100 000 30 200 
93 068 31 200 SO 000 31 200 
9 1 IP3 30 000 80 000 30 000 
86 323 30 100 80 000 30 100 
8.5 90I 31 600 80 000 31 600 
95 984 80 000 32 100 
93 093 32 000 80 000 32 000 
89 480 30 800 80 000 30 800 

Ill 066 41 100 100 000 41 100 
J 11 0 12 41 200 JOO 000 41 900 
97 889 31 400 80 000 31 400 
96 577 32 400 100 000 32 400 
97 927 32 000 80 000 32 000 
00 488 30 600 80 000 30 600 
9 518 T. & O. C. 26 300 60 000 26 300 

111 311 I, C. 40 800 100 000 40 800 
Box 6 498 N. C, & St. L. 29 200 60 000 29 200 

Caboose 98 185 I. C. 40 000 40 000 



70 ILLINOIS ENGINEERING EXPERIMENT STATION 

Kind 
of 

Car 

'rest 
Box 

GO';'~O!a 

" 
" .. .. .. .. .. .. .. 
.. .. 
.. 
.. 

Box 
Goi:~ola 

.. 

.. .. .. .. .. .. .. .. .. 

.. .. .. .. 

.. .. 
" 

B.~" 
.. 
.. 
.. .. .. .. .. .. .. .. 
" ., .. .. 

Caboose 

Loaclecl 
or 

Empty 

L . or E. 

E 
L 
.. .. .. .. .. .. .. .. .. 
,. .. 
.. .. .. .. 
.. 
.. 
.. 
.. 
.. .. .. .. .. 
.. .. .. .. .. .. .. .. .. .. 
.. 
~ .. 

. .. 
.. 
L 
I, 
L 
.. .. .. .. .. 
.. 
E 

TABLE 22 TONNAGE RECORD 

Car 
Nn. 

17 
98 2.52 

106 449 
18 867 
15 312 

104 271 
68 282 
10 579 
!'3 518 
9., 129 
y:1 198 
96 ,',07 
93 807 

106 189 
Ill 300 
] 05 618 
9J 108 

2 059 
84 ◄58 
87 958 

295 924 
28 318 
82 790 
86 569 
k, 4$ 
94 069 
HO 271 
81 :i66 
95 1!50 

110 g:o 
00 255 
94 M l 
~3 229 
95 820 
82 045 
9 1 443 

106 431 
16 006 
6 672 
5 281 
9 851 
7 342 

10 458 
8 969 

352 
141 533 
66 182 
28 2()8 
13 088 
16 008 
41 753 
13 494 
19 247 
98 098 

T est No. S-1048 

Car 
Ini tial 

N. Y . C.&H. R. 
I. c. 

C. H. & D. 
c. &, o. 

I. c. 
L. &N. 

l;,C, 
.. .. .. .. .. .. .. .. 

C. P . 'r. 
l; .c. 
P . 

C &O 
I; ,C. 
.. .. .. .. .. .. .. .. .. .. .. .. .. .. 

A. R. L, .. 
s . 
A. 

A. R. L. 
U. R. T, 

I. c. 
C. & N.W . 

I. c. 
C. G. w. 

C. B . 
P. M . 
1:.c. .. 

Stenciled 
L ilcht 

Weight 

pounds 

35 600 
40 300 
30 2()1) 
30 700 
40 000 
:l6 1!00 
41 2()1) 
27 000 
31 200 
30 ,lOO 
32 300 
29 300 
40 400 
40 800 
40 300 
29 000 
30 800 
30 1"l0 
31 800 
40 800 

31 400 
30 600 
33 000 
31 IIOO 
32 0(1() 
29 100 
30 500 
40 800 
31 0()() 
31 400 
27 000 
30 800 
28 900 
30 300 
40 400 
:JO 800 
31 500 
32 800 
39 400 

39 500 
34 000 
42 000 
43 700 
:JO 000 
3;; 500 
30 000 
32 000 
36 700 
31 100 
29 600 

Capacity 

pounds 

80 000 
JOO 000 
70 000 
~5 000 

100 000 
80 000 

100 000 
60 000 
80 000 
80 000 

100 000 
80 000 

100 000 
100 000 
100 000 
80 000 
60 000 
60 000 
BO 000 

100 000 
J(I() 000 
60 000 
80 000 
SO 000 
SO 000 
SO 000 
60 000 
SO 000 

100 000 
80 000 
80 000 
60 000 
80 000 
60 000 
80 000 

100 000 
60 (I()() 
50 (I()() 
r,o 000 
50 000 

60 000 
50 000 
~o ooo 

JOO 000 
60 000 
60 000 
60 000 
60 000 
60 000 
60 000 
60 000 

G ross 
Weight 

pnunds 

56 (l(M\ 
43 500 

140 ucX> 
97 200 
78 300 

146 500 
120 000 
134 30() 
82 600 

107 000 
105 000 
11 1 t)JO 
107 8(X) 
112 100 
124 200 
J06 600 
108 500 
90 800 
92 400 

109 000 
125 400 
144 200 
86 400 

107 700 
108 600 
107 400 
109 200 
64 2\Xl 

104 600 
HO 800 
105 000 
107 60() 
85 000 

100 0,.111 
87 800 

105 300 
121 600 
~o 400 
33 60() 
39 400 
39 &00 
39 500 
39 000 
42 100 
47 300 
ll6 600 
65 300 
68 500 
58 700 
58 500 
64 300 
72 2(),.) 
63 000 
40 000 



Kind 
of 

Car 

Box 
.. 
" ., 

" 
" .. 
" 
" ., 
" .. 
" .. 
" .. .. .. .. .. .. .. .. .. .. .. .. .. 

G0(!10la 
.. .. .. .. .. .. .. .. 

Caboose 

SCHMJDT-FREIGH'.l' TRAIN RESISTANCE 

'£ ABLE 23 T ONNAGE RECORD 

I Loaded 
or I Empty 

I L. or E. 

L 

" 
" 
" 
" .. 
" 
E 
L 

E 
!-'. .. 
" 
" 
" .. 
.. .. 
" .. .. .. .. 
E .. 
" .. .. 
" 
" 
" .. 
" .. 
" 
" 

Car 
No. 

31 403 
13 Rl7 
II 385 

140 166 
42 477 
36 731 
311 317 
25 435 
31 909 
25 238 
45 7W 
12 013 
36 16.1 
24 700 

6 364 
H 070 
15 686 
a;, 019 
15 1)62 

HI 521 
130 492 
45 586 

131 556 
21 716 
46 131 
39 374 
31 415 
31 968 
31 :195 
91 837 

110 177 
3 170 

91 705 
90 682 
86 138 

101 281 
IOI 495 
107 359 
110 117 
98 197 

Test No. S-1050 

c .. r 
Initial 

l:,C. 

" 
" 
" 
" .. 
" 

T. R. E. 
r,.c. 

0. N. &T. 
r, .c. 
. . .. 
" .. .. .. .. 
" .. .. .. .. 

'l'. ~- E. .. 
I:,C· 

I. S . 
r,.c. 
" .. .. .. .. .. 

P. 

Steneiled 
Liitht 

Weight 

pounds 

36 800 
30 JOO 
29 200 
42 800 
34 400 
33 700 
37 500 
36 600 
32 100 
36 900 
41 400 
33 550 
36 800 
35 800 
27 600 
3 I 600 
30 300 
36 :,00 
30 •l (i() 
43 600 
40 100 
3d 500 
39 000 
37 800 
40 700 
37 900 
32 400 
:12 100 
34 100 
32 800 
41 200 
38 200 
29 7,)() 
30 700 
30 100 
40 700 
40 700 
311 600 
41 700 

Capacity 

pounds 

80 000 
60 000 
60 000 

100 O\lO 
60 000 
80 000 
80 000 
80 000 
50 000 
80 GOO 
80 000 
60 000 
80 000 
80 000 
50 000 
60 000 
()() 000 
80 000 
60 000 

JOO 000 
80 000 
80 000 
80 000 
8() 000 
80 000 
80 000 
50 000 
50 (\(I() 
50 000 
80 000 

100 000 
JOO 000 
80 000 
80 000 
80 000 

JOO 000 
)00 000 
100 000 
100 000 

71 

Gross 
Weight 

pounds 

lt4 000 
81 000 
91 800 

139 500 
84 200 

JOO 900 
125 ! 00 
119 500 
34 800 

119 300 
105 200 
33 500 

121 600 
120 800 
82 400 

100 300 
97 000 

126 800 
88 800 

142 400 
120 800 
119 900 
97 600 

105 600 
121 700 
125 200 
32 400 
33 000 
34 800 
32 800 
41 200 
38 200 
29 700 
80 700 
30 100 
40 700 
40 700 
39 000 
41 7,10 
34 000 
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Kiad 
of 

Car 

TABL E 24 TONNAGE RECORD 

Empty No. 

Test No. S-1052 

Car 
Io!tia.l 

Stcacilcd 
L i i>:ht 

W et11h t 
Capacity Gross 

Wei11bt I 
Lo~ed I Car _I 

------c------ --------------C;-----.....;..----

1 L. or E. I / pounds pounds pounds 

Gol'!<_lola 
I 

E 91 208 I:.C· 30 200 :lo 20<) 80 000 
83 764 26 8-00 60 000 26 8(1() .. .. 

2.52 s. s. c . 25 500 50 000 25 800 .. .. 
89 137 I; ,C . 31 200 80 000 31 300 .. .. 83Q92 28 200 60 000 28 400 .. .. 112 7i0 .. 43 500 100 000 43 500 .. .. 81 989 .. 

28 900 50 000 28 900-.. .. 
94 688 

.. 
31 100 80 000 3 1 3()() .. .. 101 073 . . 
38 200 100 000 38 200 .. .. 

3 351 I. s. 40 700 100 000 40 800 .. .. 106 100 I:,C· 40 200 100 000 40 200 .. .. 106 314 40 300 100 000 40 200 .. .. 82 600 .. 
26 800 60 000 27 ()()() .. .. 

91 316 .. I 30 200 80 000 30 500 .. .. 
722 c. c.& co . 31 700 80 000 31 200 .. .. 

91 162 r, .c . 29 700 80 000 I 30 100 .. I " 107 030 39 800 100 000 I 39 FOO .. 
I 

.. 
641 C.C. & Co . I 31 700 80 000 31 500 .. 

" 80 993 I. C. 23 600 I 60 000 26 500 
B.~x " II 116 F. '?: E. 36 .500 50 000 3:1 2()(1 .. 

I I 050 36 500 50 000 31 GOO .. .. 
31 153 T. ~: E. 32 :JOO 50 000 34 O()(I .. .. 
31 286 31 500 50 000 34 200 .. .. 11 243 N.C. & St. L . :l3 600 60 000 33 50() .. .. 
15 9-15 Air Lioe :H 600 6(l 000 S4 800 .. .. 827 D.S. D . 35 500 50 000 37 80() .. .. 

133 280 s . 33 500 60 000 32 800 .. .. 
33 886 C. of N. J. 30 500 60 000 30 600 .. L 24 008 I:.C. 36 000 80 000 119 500 .. 
39 671 36 300 80 000 118 100 .. .. 
21 633 .. 

38 400 80 000 122 500 .. .. 
131 151 . . 

38 900 80 000 129 600 .. .. 
13 792 .. 

29 800 60 000 92 300 .. .. 
45 456 

.. 
38 800 80 000 9~ 000 .. .. 

47 105 .. 
40 100 !<()000 100 JOO .. .. 

20 336 .. 
28 600 eo ooo 89 000 .. .. 13 831 .. 
29 900 00 000 89 000 .. 

~ 25 361 V. S. & P . 31 800 00 000 31 800 .. 
31 199 T. ~: E. 32 150 50 000 34 800 .. .. ~o 283 38 700 50 000 36 000 

Go~~ola ~ - 02 708 I:.C. 32 000 80 000 84 000 
112 608 43 500 100 000 88 400 

B.'~X 
.. 580 408 U. L. 30 500 00 000 53 500 
E 30 562 s. 35 600 60 000 35 400 

Gondola L 92 ,48 r. C. 30 400 80 000 74 000 
B.o.x ~ 25 391 V. S. & P. 32 200 60 000 32 400 .. .. 17 212 L. & N. 31 200 eo ooo 31 700 

35 863 s . 3.5 900 00 000 35 800 .. .. 
37 798 s. 35 200 60 000 35 800 .. 

~ 130 809 1, .c. 40 200 80 000 ll7 800 
Gondola 94 51 1 31 000 80 000 37 800 

B.~x 
.. 

141 2m .. 
43 500 100 000 82 800 .. 

39 210 
.. 

36 :100 80 000 :I} 000 .. E 2.5 618 A. C. L. 34 960 60 000 34 700 .. 
19 314 St. L. S. W . 32 700 60 000 32 800 .. " 85 683 S. P. 42 600 100 000 43 500 .. .. 
10 255 N. C. & St. L . 32 llOO 00 000 34 000 .. .. 
5 803 L. & N. 30 500 60 000 30 000 .. .. 

20 864 s . 32 800 60 000 35 100 
Flat .. 

10 016 N. 0. & N . E. 27 200 80 000 27 000 
Caboose .. 

98 093 J. c. 34 000 



Kind 
of 
Car 

1 es t 
Box 

Go'!~lola 

" 
" 
" 

Box 
GO[!';IO!a 

n.~x .. 
Tank 

Gondola 
~'?" .. .. 

Go~~ola 
.. 

I " .. 
" 
" 

B?." 
Flat 
B?," .. 

" 

Flat 
Go'!~ola .. 

Box 
Gondola 

.. 
F'lat 
B?.x 

" .. 
" 
" 

Gondola 
13ox 

c,iboose 

SCHMIDT-FREIGHT TRAIN RESISTANCE 

TABLE 25 TONNAGE RECORD 

Test No. S-1057 

Loaded 

~ 
Co.r Stenciled 

or Initial Light Capacity 
Empty Weight 

Lor E 

. 

pounds pounds 

E 17 

1! 12 269 C.N.O. &T.P. 33 600 60 000 
91 889 I,.C. 29 500 80 000 .. 8:l 859 27 200 eo ooo .. 83 70') .. 28 000 60 000 

" 94 023 .. 30 600 80 000 .. 97 927 .. 32 000 80 000 .. 46 152 .. 
40 000 80 uoo 

" 93 980 .. 
30 700 80 000 .. 

91 254 .. 
29 400 80 000 .. 6 750 .. 26 400 50 000 

E 57 408 N. Y.C.&H'..R. 31 000 60 000 
L 108 212 I Erie 39 900 80 000 .. 628 I D. R.&U. 

9 1 422 I. C. 30 000 80 800 
~~ D27!>72 L . S . &M.S. 28 800 60 000 
r~ 15 ll91 r, ,c. 28 700 60 000 

11 267 28 400 60 000 ,, 
33 918 .. 37 000 80 000 

" 106 527 .. 40 200 100 000 .. IOI 823 
., 

10 800 100 000 
" 91 474 .. 

29 000 80 000 .. 82 786 .. 
:16900 60 000 .. 607 C. U.&C . 31 700 80 000 .. 106 577 r,.9 40 300 JOO 000 .. 106 447 40 400 100 000 

" 130 255 .. 41 000 80 000 .. 7 086 " 26 600 50 000 .. 
67 551 

.. 28 800 80 000 .. 39 223 .. 
37 500 l<IJOOO 

" 21 ISi .. 37 500 80 000 
E 515 733 P. F'. W.C. 43 800 100 000 
~ 29 516 I. C. 39 800 60 000 

2 292 G,C. 23 500 60 000 .. 105 859 l .,,C. 40 400 JOO 000 .. 86 778 31 000 80 000 .. 112 241 .. 
36 500 80 000 .. 15 982 .. 30 400 60 000 

Jll 189 C. & I. W . 3:l 700 90 000 
7 IG! N. Y. C.&St. L. 31 700 80 000 

~ 91 371 I. C . 30 400 80 000 
814 G. & S. I. 26 600 80 000 .. 15 282 1. C. 211 400 60 000 

E 1 695 A. R. 28 200 50 000 
f, 15 427 I ,,C. 30 ()()C) 60 000 
" 24 933 35 000 80 000 .. 27 737 B. 29 500 60 000 .. 40 712 M.&O . 34 500 60 000 .. 

85 879 I,.c. 30 500 80 000 .. 36 586 :Jo 000 80 000 
E 98 565 .. 

73 

Gross 
Weight 

pounds 

58 000 
89 300 

107 400 
87 800 
88 200 

102 200 
100 600 
58 700 

105 400 
I 10 800 
68 600 
36 100 
69 700 
68 200 

105 600 
38 400 
70 300 
81 100 
80 300 

142 ~ 
145 10!) 
112 800 
86 700 

107 800 
lH 400 
142 900 
9il 300 
69 000 
56 !00 
72 800 
85 800 
41 200 
73 000 
70 t00 

146 200 
IIS 100 
96 300 
80 000 
33 100 
31 000 
80 600 
S5 800 
67 400 
31 %00 
67 800 

102 000 
6 1 200 
72 800 
79 600 
58 200 
34 000 
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TABLE 26 TONNAGE R ECORD 

Test No. S-1061 

K i nd L oaded Car Car S tenciled Gross or o r No. Initial Li,zbt Capacity Weight Car Empty Weight 

Lor E pounds pounds pounds 

'l'est E 17 58 000 
GO')~Ola L 88 518 r._9. 32 200 80 000 107 400 

106 156 38 400 100 000 146 000 .. .. 
106 707 

.. 40 500 100 000 144 600 .. .. 94 475 .. 31 100 80 000 100 200 .. .. 81 333 

.. 27 300 60 000 82 300 .. .. 
86 360 

.. 31 900 80 000 104 300 .. .. 95 040 

.. 
30 400 80 000 106 600 .. .. 

101 029 
.. 37 500 100 000 188 600 .. .. 112 734 .. 43 500 100 000 112 600 .. .. 

81 632 
.. 26 200 60 009 85 200 .. .. 87 626 .. 31 700 80 000 103 700 .. .. 80 610 .. 27 200 60 000 82 400 .. .. 94 976 .. 31 400 80 000 119 000 .. .. 88 425 
.. 31 400 80 000 118 000 .. .. 95 299 
.. 

30 500 80000 101 200 .. .. 
628 C. C. &Co. 31 700 80 000 110 400 .. .. 95 2-'>0 1,_c . 30 300 80 000 112 000 .. .. 

88 750 31 900 8•) 000 112 200 .. .. 276 S . C. Co. 30 700 80 000 112 000 .. .. 205 s. s.,9. co. 26 500 60 000 82 700 .. .. 
254 26 500 50 000 80 000 .. .. 208 .. 2' 5(,0 60 000 81 300 .. .. 256 

.. 25 500 50 000 80 000 .. .. 88 256 I. ,9· 32 000 80 000 107 700 .. .. IOI 074 40 600 100 000 138 400 .. .. 
93 754 

.. 
29 600 80 000 lOl 400 .. .. 92 486 " 30 500 80000 102 000 .. .. 

106 300 
.. 40 200 100 000 147 300 .. . . 10 1 742 .. 40 300 100 roo 146 000 .. .. 106 846 .. 40 5()() 100 000 141 000 .. .. 11 2,17 .. 40 900 100 000 134 900 .. .. 111 175 .. 40 700 JOO 000 136 900 .. .. 84 467 .. 30 400 60 000 96 200 .. .. 90 399 .. 31 000 80 000 108 600 .. .. 

82 953 
.. 

28 000 60 000 91 200 .. .. 86 147 .. 
I 31 200 80 000 103 500 .. .. 107 6-16 .. 39 500 100 000 137 900 

l •'Jat .. 
6 708 

.. 27 900 60 000 81 800 

.. E 3 736 A . 9,.L. 31 700 40 000 31 700 

f: 6 719 27 900 ~(/ 000 74 400 .. 

I 
6 455 

.. 26 400 60 ()<,'() 66 400 .. 
~ 8 494 H.&.H. 28 800 80 000 30 300 

Caboose 98 155 I. c . I 34 000 



Kind 
or 

Ca i· 

Box 

" .. 
Go~<:'ol a 

.. 
" .. .. .. .. .. .. .. 
,. .. .. .. .. .. .. 
" .. .. .. .. .. .. .. .. .. .. .. .. 
. , .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. 

Caboose 

I 

SCHMIDT-FREI GHT TRAIN RESI ST AN CE 

TABLE 27 T ONNAGE RECORD 

L oaded 
or 

E mr>n 

Lor E 

~ .. 
" 

Y: .. .. .. .. .. 
.. .. 
, . .. .. .. .. 
.. 
.. 
.. .. 
, , 

" .. .. .. .. .. .. .. .. .. .. 
.. .. .. .. .. .. .. .. .. 
.. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. 
" .. .. .. .. .. .. .. .. .. 
.. 

I 

I 

Ca.r 
N o. 

22 195 
46 472 
l7 530 
49 063 

112 486 
112 46.3 
112 300 
112 527 
112 51 5 
112 428 
112 407 
112 670 
112 403 
112 775 
112 585 
92 7"6 
88 6-17 
S2 152 

112 633 
112 578 
112 596 
112 685 
I 12 519 
112 502 
112 724 
112 481 
l 12 700 
112 49 1 
112 684 
!06 653 
b7 789 
82 875 
g5 097 
92 650 
93 461 
89 IOI 
90 956 
86 615 
96 187 

JIO 760 
86 267 

111 291 
95 713 
88 ◄62 
88 6l!.5 
81 090 
81 497 

) 07 342 
90 418 
80 ! 86 
75 ~:!3 
87 257 

104 716 
80 963 
88 848 
95 \Jill 

112 072 
89 296 
87 P77 
90 809 
91 004 
96 718 
05 KIG 
87 904 
95 513 

106 236 
97 033 

I 10 743 
112 61% 
110 531 
88 994 
85 921 
70 984 
98 068 

Test No. S-1063 

I 

Car 
!ntial 

I. C. 
.. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. 
, . .. 
, . .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. 
,. .. .. .. .. .. .. .. .. .. .. .. .. .. .. 
" .. .. .. .. 
" .. .. .. .. .. .. .. .. .. .. .. .. 

Stenciled 
f, ! i,h t 

Wei,cht 

pounds 

37 800 
36 500 
28 600 
37 200 
43 400 
43 700 
36 500 
43 400 
43 500 
43 300 
43 600 
43 300 
43 500 
43 600 
·13 400 
30 500 
31 500 
26 600 
43 !'-0() 
43 400 
H 700 
<3 000 
43 400 
43 400 
43 500 
43 200 
43 400 
43 800 
43 600 
40 300 
31 300 
28 400 
30 200 
30 0()(1 
30 000 
31 600 
;ll 400 
30 500 
30 600 
◄ I 000 
31 200 
41 100 
32 700 
32 200 
30 800 
27 20(1 
29 100 
39 500 
31 200 
26 200 
27 600 
26 700 
39 500 
28 200 
32 300 
30 500 
35 900 
32 800 
31 000 
30 000 
30 500 
31 600 
32 000 
32 000 
30 800 
40 -100 
33 500 
41 100 
43 400 
40 600 
31 300 
31 800 
23 300 

Capac,ity 

pounds 

i;o 000 
80 000 
60 000 
80 000 

100 000 
100 000 
80 000 

100 000 
100 000 
JOO 000 
100 000 
100 000 
100 000 
100 000 
100 000 
80 000 
80 000 
60 00() 

100 000 
100 000 
100 000 
JOO 000 
100 000 
100 000 
1()0 000 
100 000 
100 000 
JOO 000 
100 000 
JOO 000 
80 000 
60 000 
80 000 
80 000 
80 000 
80 00() 
80 000 
60 000 
80 000 

100 000 
80 000 

100 000 
80 000 
80 000 
80 000 
60 000 
00 000 

100 000 
80 000 
60 000 
50 000 
00 000 

100 000 
eo ooo 
80 000 
80 000 
80 000 
80 000 
80 000 
80 000 
80 000 

JOO 000 
80 000 
80 000 
80 000 

100 000 
100 000 
100 000 
100 000 
100 000 
80 000 
80 000 
40 000 

75 

G,·oss 
Weigh t 

J)OUDdS 

115 400 
!!7 300 
95 200 

12!\ 300 
43 400 
43 700 
36 500 
43 400 
43 500 
43 300 
43 600 
43 300 
43 500 
43 600 
43 4tx) 
30 500 
3 1 500 
26 600 
l 3 500 
43 400 
4;1 700 
43 600 
43 400 
43 400 
43 500 
4:f 200 
43 400 
43 800 
43 600 
40 300 
31 300 
28 400 
30 200 
30000 
30 000 
31 6(!0 
3 1 4lKI 
30 500 
30 600 
41 000 
31 :.>00 
4 1 100 
32 700 
32 200 
30 800 
27 200 
29 100 
39 500 
SI 200 
26 200 
27 600 
26 70C 
39 500 
28 200 
32 300 
30 500 
35 900 
32 800 
3 1 000 
30 000 
30 500 
3 1 600 
32 000 
32 000 
30 800 
40 400 
33 500 
4 1 100 
43 400 
40 600 
31 300 
31 800 
23 300 
34 000 



76 ILLINOIS ENGINEERING EXPERIMENT STATION 

Kind 
of 

Car 

Loaded 
or 

Empty 

T ABLE 28 TONNAGE RECORD 

Car 
No. 

Test No. S-1070 

Car 
Initial Weight Weill'.ht 

stf~~~t I CaDacity 1

1 

Gross 

-----;--L_ o_r_E--,-----,~-------;-- J)-OU- nd-s -1- pound-s -l~ounds 

Test E 17 58 000 
B,(!X ~ 10 826 I:,C. 31 300 60 000 96 800 

131 644 39 600 so 000 127 100 .. E 25 703 V. S, & P . 3i 000 60 000 32 000 
" ~ 7 628 L,C. 27 200 50 000 91 000 .. 

12 951 29 700 99 800 
" " 33 524 

.. 
36 500 80 000 120 100 .. " 22 113 

.. 
40 200 80 000 93 900 

Go'!<:tota .. 97 293 
.. 

31 500 100 000 78 500 
" 96 803 .. 34 400 100 000 74 900 

l-t!),Ck E 151 427 " 40 000 29 300 
150 457 

.. 
40 000 28 100 .. .. 

32 589 
.. 

31 200 60 000 St 200 .. " 32 738 " 31 000 60 000 31 000 .. .. 150 986 
.. 30 000 40 000 :io ooo .. .. 

4 206 S. W. S.C. L. 2~ 300 40 000 29 300 .. " 32 714 I C. 33 200 60 000 33 200 .. .. 
151 275 

.. 
29 600 40 000 29 ilOO 

" " 32 663 
.. :,2 600 60 000 32 600 

" .. 31 168 
.. 

29 000 50 000 29 700 
" .. 150 874 " 32 800 60 000 32 600 

" 32 176 .. 32 800 60 000 32 800 
" " 151 497 " 31 100 40 000 31 100 
" " 1~1 023 

.. 30 300 40 000 30 SOO 
" " 3! 411 

.. 
35 000 60 000 35 000 

~'?" ~ 142 729 
.. 

42 900 100 000 65 200 
39 777 

.. 37 400 80 000 61 100 .. " 19 989 

.. 28 300 60 000 60 900 
" E 95 571 L. &N. 34 5-00 65 000 34 500 
" f: 140 687 I;,C, 42 700 100 000 137 600 .. 

45 487 38 400 80 000 J 19 600 .. .. 142 979 .. 42 800 100 000 136 900 .. .. 
142 275 .. 42 700 :oo 000 135 000 

" ~ 30 047 T. ~- E. 34 800 50 000 34 800 .. 
31 974 32 100 50 000 32 100 

GO'!';\Ola .. 95 20% I;,C· 30 400 80 000 31 400 .. 
96 724 32 000 100 000 32 000 

" .. 
106 393 " 40 400 100 000 40 400 .. .. 
87 275 .. 32 200 80 000 33 200 

Box L 15 680 .. 29 000 60 000 91 200 
Gondola ~ 96 130 

,. 32 000 80 000 32 000 
~'?X 55803 " 37 700 60 000 37 700 .. 

21 2H F. G. E. 36 500 50 000 36 500 
Go'!';\Ola " 82 606 I: ,C. 27 500 60 000 27 500 .. 82 7()1} 28 800 60 000 28 800 

Box L 135 028 s. B3 700 60 000 68 700 
Go'!';\ola ~ 88 465 I: .c. 32 600 80 000 32 600 

9 1 623 30 700 80 000 30 700 .. .. 106 662 .. 40 000 100 000 40 000 .. " 86 231 .. 31 700 80 000 31 700 .. " 80 430 .. 26 500 60 000 26 500 .. .. 
93 350 " 31 300 80 000 31 300 

" .. 
94 475 .. 31 100 80 000 31 100 .. " 93 620 .. 30 400 80 000 30 400 , . 

" 96 757 .. 31 800 100 000 31 800 .. .. 89 088 .. 30 200 80 000 80 200 .. .. 82 367 " 26 800 60 000 26 800 .. .. 
94 594 .. 30 300 80 000 30 300 .. " 92 570 " 81 000 80 000 31 000 .. 

" 115 (Oil 
.. 43 000 100 000 43 000 .. .. 

81 261 .. 29 000 60 000 29 000 .. .. 81 172 .. 28 400 60 000 28 400 .. .. 
83 919 " 28 200 60 000 28 200 .. " 714 c. c.c. & Co. 31 800 80 000 31 800 .. 

" 92 158 I: ,C. 30 400 80 000 30 400 
Caboose " 98 130 34 000 



Kind 
of 

Car 

GO[!dOla 
.. 
" 

" .. .. .. .. .. 
., .. 
,. .. .. .. .. 
,. 
,. 
.. .. 
" . , .. .. .. .. 

Caboose 

Kind 
ol 
Car 

GOI?<;\Ola 

" .. .. .. 
" .. .. .. 
, . .. 
" 
" .. .. .. 
" 
" .. .. .. .. 
" 
" .. 
" 

Caboose 

SCHMIDT-FREIGHT TRAIN RESISTANCE 

TABLE 29 T ONNAGE RECORD 

Loaded 
or 

Empty 

Lor E 

T, 

, . 
, , 

, . .. .. .. .. 
" .. .. 
" 
" .. .. .. .. 
" 
" .. .. .. 
" 
" .. 
. . 
E 

Loaded 
or 

Empty 

Lor E 

~ 
" .. 
" .. .. .. 
" .. .. .. 
" 
" .. .. .. .. .. .. .. .. .. .. .. .. 
" 
E 

I 

Test No. S-1072 

Car 
No. 

106 8%5 
10-1 661 
106 529 
10-4 968 
115 250 
I J1 111 
89 762 

110 559 
86 636 

107 020 
91 917 
87 078 

110 980 
l 10 318 
106 382 
107 436 
91 606 

101 156 
101 075 
106 878 
102 054 
110 951 
105 669 

3 345 
105 713 
106 6211 
106 121 
98 155 

Car 
Initial 

1,.c. 
.. .. .. 
., .. .. .. .. .. . . .. .. .. .. .. .. .. .. .. .. .. 

I. s . 
1,.c. .. .. 

Stenciled 
Light 

Weight 

pounds 

40 400 
40 300 
40 200 
39 200 
42 700 
40 900 
31 600 
40 800 
31 200 
39 800 
30 800 
31 800 
41 600 
40 900 
40 ·!00 
30 700 
30 400 

40 200 
88 000 
41 800 
40 200 
40 100 
39 800 
40 300 
40 400 

'£ABLE 30 TONNAGE RECORD 

Test No. S-1073 

Ca.­
No. 

10-4 181 
110 059 
110 679 
111 062 
111 336 
112 464 
112 431 
106 038 
107 581 

3 012 
115 335 
106 459 

3 400 
106 818 
106 087 

3 131 
104 817 
l07 217 
107 591) 
106 IOI 
106 5Qij 
106 197 
104 390 
105 651 
106 551 
107 124 
106 722 

Ce.r 
Initial 

I:,C· 

" .. 
., 
., 
" 
" 
" 

T. s . 
r, o. 
I. s. 
r,_c. 
rs . 
I C. .. .. .. .. 

" .. .. .. .. .. .. 

S tenciled 
Li1,bt 

W ei1,bt 

pounds 

40 800 
i2 300 
42 000 
41 000 
40 100 
43 400 
43 aoo 
38 800 
40 100 
40 100 
43 000 
40 000 
40 400 
40 500 
41 200 
40 200 
40 400 
39 700 
39 600 
40 300 
40 200 
40 400 
40 700 
40 300 
40 000 
89 600 
40 300 

Capacity 

pounds 

100 000 
100 000 
JOO 000 
100 000 
100 000 
100 000 
80 000 

100 000 
80 000 

100 000 
80 000 
80 000 

100 000 
100 000 
100 000 
100 000 
80 000 

100 000 
100 000 
80 000 

100 000 
100 000 
100 000 
100 000 
100 000 
100 000 

Capacity 

pounds 

100 000 
JOO 000 
100 0v0 
100 000 
100 000 
100 000 
JOO 000 
100 000 
100 000 
100 000 
100 000 
100 000 
100 000 
100 000 
100 000 
100 000 
JO() 000 
100 000 
100 000 
100 000 
100 (Ji)() 

100 000 
100 000 
100 000 
100 000 
100 000 
100 000 

' 

77 

Gross 
Weight 

pounds 

134 700 
146 700 
144 900 
H4 700 
141 900 
148300 
114 200 
147 600 
114 100 
144 300 
114 000 
117 900 
144 000 
137 800 
136 900 
147 600 
114 100 
159 100 
120 100 
IH 900 
117 000 
131 000 
139 200 
147 700 
143 900 
H2 100 
IH 100 
35 100 

Gross 
W e i1,ht 

pounds 

139 300 
135 800 
135 700 
134 500 
134 300 
118 600 
118 700 
133 700 
130 200 
145 200 
141 t!OO 
136 800 
141 700 
141 200 
141 900 
141 400 
141 800 
141 300 
142 000 
141 900 
142 500 
188 600 
140400 
140 600 
143 100 
140 500 
141 300 
84 000 



87 ILLINOIS ENGINEERING EXPERIMENT STATION 

TABLE 31 TONNAGE Rl,CORD 

Test No. S-1014 

l{ind Loaded Car Car Stenciled Gross of or No. Initial Lil!bt Capacity Weigh t Car Empty Weight 

Lor E pounds pounds pounds 

Test ~ 17 

I 
58 000 

Go~~ola 92 451 I. C. 30 100 80 000 30 5(X) 
93 288 30 80() 80000 31 5()0 

705 

I 
C. C. C. & Co. 31 :lOO 80 000 31 200 

91 779 re. 29 900 80 000 29 400 
83 029 28 000 60 000 27 400 
86 841 31 000 80 000 31 300 

2(\7 St. L.B. &S- 25 700 60 000 24 600 
83 597 I. C. 27 100 60 000 27 200 
82 261 28 300 60 000 27 700 
86 4i3 31 400 80 000 31 000 
94 563 30 600 80 000 30 700 
85 327 30 400 80 000 32 000 
92 6M 31 200 80 000 30 500 
!!7 201 32 000 80 000 32 000 
95 260 29 6()(/ 80 000 29 400 

105 612 10 400 100 000 ◄0 400 
93 048 31 500 80 000 31 200 

295 St. L.B. &S. 24 000 6() 000 24 500 
82 249 I. C. 27 000 60 000 27 000 
86 327 30 400 80 000 30 600 
85 482 31 500 80 000 31 000 
80 882 27 600 60 000 27 600 

106 OtH 40 300 100 000 40 400 
105 883 ◄0 400 100 000 40 800 
86 779 31 000 80 000 33 000 
93 956 30 100 80 000 30 400 

104 3>19 40 800 100 000 40 400 
86 183 31 000 80 000 30 700 
81 190 27 200 60 000 26 800 
8e 470 30 600 80 000 30 200 
95 912 32 000 80 000 30 80() 
91 788 30 500 80 000 30 300 
86 13.' 29 500 80 000 30 700 
95 167 30 500 80 000 31 500 

107 604 39 600 JOO 000 40 000 
87 657 82 000 80 000 82 SOO 
87 590 32 300 80 000 35 200 
89 683 31 ◄00 80 000 31 200 

7 555 ~3 400 50 000 22 200 
107 148 39 800 JOO 000 40 300 
104 379 40 400 100 000 40 400 
88 351 31 llOO 80 000 31 600 
87 468 31 900 80 000 31 500 

101 229 38 400 JOO 000 37 800 
88 120 32 000 80 000 81 600 
94 806 31 500 80 000 31 500 
95 480 31 900 80 000 32 000 
1!7 780 32 JOO 80 000 31 600 
93 494 29 700 80 000 30 000 
90 671 30 800 80 000 80 800 

106 167 ·10 300 100 000 40 100 
81) 097 32 000 80 000 31 600 
96 072 81 800 80 000 31 200 
88 686 31 500 80 000 31 700 
9t 133 31 900 80 000 30 600 
93 394 30 600 80 000 31 300 

106 088 40 400 100 000 40 200 
89 272 30 600 80 000 30 800 
9-1 599 30 800 80 000 30 800 
87 595 32 100 80 000 31 500 
91 986 30 500 80 000 SO 000 
92 03.5 31 300 80 000 31 200 



Kind 
or 

Car 

Gondola 

Caboose 

Kind 
or 

Car 

Go~~ola 
.. .. .. .. .. .. .. .. .. .. .. .. .. .. 
.. .. .. .. .. .. .. .. .. 

Caboose 

I 

SCHMIDT-FREIGHT TRAIN RESIST ANCE 

TABLE 31 T ONNAGE R ECORD (Contimied) 

Test No. S-1016 

Loaded 
or 

Empty 

Lor E 

E 

Loaded 
01· 

E mpty 

Lor E 

L 

" .. .. .. .. .. 
" 
" 
" .. .. .. 
" .. 
" .. .. .. .. .. .. .. .. 
E 

Car 
No. 

3 848 9 
106 
105 
80 

11 
80 
9 

91 I 
: 727 

466 
0 363 

3i,1 
5 278 
2 246 8 

106 
105 
) \). 

288 
836 

I 811 
3 207 
I 420 9 

II 
00 

11.M 
11 

IJ8 

2 4 13 
452 
Ot7 

o 181 
005 

Ca 
Initial 

I- C. 
.. 
.. .. .. .. 
.. 
" .. .. 

J. s . 
I. C. 
.. .. 
" .. 

Stenciled 
L i l'IH 

Wetirbt 

pounds 

29 500 
40 200 
40 400 
26 700 
4 1 500 
25 600 
3 1 000 
28 500 
39 800 
40 300 
·IO 300 
40 300 
29 200 
43 400 
29 600 
40 800 
4 1 800 

'rABLE 32 T ONN AGE R ECORD 

T est No. S-1076 

Car 
No. 

J()t 098 
104 679 
105 091 
105 690 

8 344 
110 982 
104 698 
104 023 
107 109 
104 361 
107 3 10 
106 268 
1()-J 087 
106 161 
107 133 
100 !H 
111 280 
111 229 
110 525 
106 713 
110 736 
110 421 
110 843 
I l l 061 
107 126 
98 320 

Car 
Inl~lal 

l :,C. 
.. .. 

J. s . 
I : ,C . .. .. 

" 
" .. .. .. .. .. 
. . .. .. .. .. .. .. .. .. .. 

I 

Stenci led 
Light 

Weight 

pounds 

41 000 
39 200 
40 400 
40 300 
40 000 
41 100 
40 600 
40 600 
39 700 
40 200 
39 700 
40 300 
40 000 
40 600 
39 700 
40 400 
41 600 
40 800 
4 1 300 
40 500 
40 700 
◄a 500 
41 200 
41 200 
39 700 

Capacity 

pounds 

80 000 
100 000 
100 000 
60 000 

100 000 
60 000 
80 000 
60 000 

100 000 
100 000 
100 000 
100 000 
80 000 

100 000 
80 000 

100 000 
100 000 

Capaci t y 

pounds 

100 000 
100 000 
100 000 
100 000 
100 000 
JOO 000 
100 000 
100 000 
100 000 

I 100 000 
100 000 
100 000 
100 000 
100 000 
100 000 
100 000 
100 000 
100 000 
100 000 
100 000 
100 000 
100 000 
100 000 
100 000 
100 000 

I 

79 

Gross 
Weight 

pounds 

29 700 
◄O 200 
40 900 
26 JO() 
40 800 
30 800 
30 000 
28 200 
◄O 000 
40 200 
40 200 
39 800 
29 600 
43 200 
31 600 
40 400 
◄2 300 
32 000 

Gross 
W et11ht 

pounds 

149 000 
146 000 
148 600 
143 400 
143 300 
137 000 
138 500 
142 500 
IH 000 
148 000 
146 000 
147 000 
152 000 
146 500 
144 900 
150 000 
139 000 
135 300 
139 300 
143 300 
142 000 
148 000 
142 400 
141 000 
143 000 
36 100 



80 ILLINOIS ENGINEERING EXPERIMENT STATION 

TABLE 33 TONNAGE RECORD 

Test No. S-1077 

Kind Loaded Car Car Stenciled Gross of or No. Initial T,le-ht Capacity Weight Car Empty W eight 

L.orE. pounds pounds pounds 

Test E 17 58 000 
Go'!~ola ~ 2 18'1 L.E.A.&W. 36 200 80 000 120 200 

107 315 I:9· 39 700 100 000 138 !,00 .. . , 
106 426 40 500 100 000 151 800 .. " 104 103 .. 37 600 100 000 153 600 .. " 88 740 .. 32 000 80 000 104 600 

~(!X " 82 47' B.&O. 33 600 00 000 83 600 
~ 33 880 s. p , 42 700 100 Ol)(l 41 900 , . 

II 2.38 H. &T. C. 40 200 100 000 42 800 .. L II 150 D.S. S. & A. 32 400 60 000 73 600 .. E 10 846 N. C. &St. L. :l5 400 60 000 35 000 .. 
~ 337 G.&F . 32 500 60 000 81 700 

" 34 552 I:9· 37 700 80 000 37 OW .. " 140 487 41 000 100 000 42 000 .. " 142 394 " 42 900 100 000 42 000 .. 
" 49 498 " 34 400 80 000 34 500 .. .. 131 662 .. 39 500 80 000 40 000 .. .. 38 7f>5 .. 36 000 80 000 S6 800 

" " 15 85.1 N.0.&.N.E. 30 600 60 000 30 600 .. .. 
9 644 L-~N . 40 800 60 000 40 700 .. ' ' II 712 30 llOO 60 000 30 700 

" L 15 492 I;!'.), 30 200 60 000 90 000 .. 141 573 43 500 IOI) 000 63 800 .. 
" 140 563 " 42 200 100 000 ~ 500 .. 
~ JO 381 L . & N. 29 800 60 ooo 29 800 .. II 364 S.P.L.A.&S.L 43 500 100 000 43 100 

" " II 893 N.C.&St,L. 33 400 60 000 33 300 
" " f.15 969 S. P. 29 600 60 000 30 300 
" " 93 651 L.&N. 36 500 65 000 85 200 .. .. 9'I 824 34 800 65 000 34 000 .. ,. 

13 705 
.. 

30 700 60 000 30 700 
" " 9 312 N. C.&St.L. 32 550 60 000 32 700 
" L 98 561 N. Y.C.&H.R. 35 700 80 000 78 200 
" ~ 12 887 C.N.O.&T.P. 34 500 60 000 83 400 .. 

4 !!86 N.&S. 33 600 60 000 32 000 
" " 12 027 N.,~M. 37 000 80 000 80 200 
" ~ 131 675 r .. !J. 38 900 80 000 I l•J 400 ., 

14 554 32 000 60 000 75 500 .. 10 060 " 31 000 60 000 70 000 .. :, 12 724 .. 
29 300 60 000 76 500 .. .. 13 276 St. L. S. W . 32 000 60 000 79 900 .. 

" 26 615 I: 9 · 35 800 80 000 90 800 .. .. 141 284 43 500 00 000 105 900 
Goi!~ola ~ 618 E. F.D.& Co. 24 200 24 800 

744 c.c. & Co. 31 800 80 000 30 600 .. 
" 106 729 r,9. 40 400 100 000 40 100 .. .. 9t 563 30 600 80 000 35 800 .. 
" 112 570 

.. 
43 500 100 000 43 100 

" " 112 153 .. 37 200 80 000 39 500 .. .. 107 346 .. 39 700 100 000 39 900 .. " 105 529 .. 
40 200 100 000 40 600 .. 

" ]OJ 361 .. 40 200 100 000 40 600 
Caboose " 08 370 

.. 
35 900 



Kind 
ot 

Car 

ilOX 

. , 

., 
" .. 

RefriKerator 
Box 
.. .. 
.. .. .. .. .. .. .. 

(.:onclolti 
J3ox 
.. .. 
.. .. 

Gon<lol.L 
Box 

Retril(Cmtor 
Gondoh, 

!3ox 
Gondol" 

Box 
Refri':'~mtor 

Box 
Refrigerator 

Box 
Refriirerator 

Box 
Refrii,\m~to,· 

Box 
Gondolti 

Refri trera.tor 
Bo,c 
.. 
., 

" 
" 

Caboose 

I 

SCHMIDT-FREI GHT T RAIN RESISTANCE 

'l'A RLE 3-! T ON NAGE R~:CORD 

Loaded 
or 

Empty 

Lor E 

E 
., 

r, 

., 

E 
r. 
.. .. 
.. 
. . .. 
.. .. 
.. 
.. 
.. 
.. 
.. .. .. .. 
" ,. 
.. 
J,; 
r. .. 
" .. 
E 

r, 
E 
L 
F: 
.. 
.. 
I~ 

E 
L 
.. 
" 
., .. 
E 

Car 
No. 

II 050 
4:1 031 
41 654 
31 195 
15 746 
22 691 
6 696 

1, 05'1 
33 It;; 
39 747 
46 477 
:ro 3r,2 

1:11 H.'; 
19 385 
70 716 
31 56:l 

700 
12 116 
87 ~8 
46 0o7 
12 56:? 

131 6 11 
1◄ 2 973 
;,o 174 
:H 506 
~2 317 
37 578 
6 -159 

97 161 
14 550 
91 822 
15 713 
4 068 
5 886 

112 0-12 
307 

131 n1 
3 831 

74 936 
20 018 
tl 115 

85 137 
111 101 

I 8-JO 
72 007 
25 346 
60 2-15 
M 733 
11 771 
13 983 
98 260 

-

Test No. S-1()7!) 

Car 
lnitial 

H. & 'l'. C. 
M. C. 

C. &N.W . 
C.R. I. & P, 

1. C. 
$, P. 

A. It. f,. 
I C. .. .. 
.. 

R. l. A. & L . 
l. c . 

1\f. p _ 
II . & 0. 

C. It. l. & P. 
H .E.& W.'.l' . 

Mex. Cent . 
1: ,C-
.. 
" .. 

C.& G. W . 
r, ,c. 
.. 

J\l.&Co. R, L. 
I, _C. 
.. .. 

M. F. T. Co-
A. R. L. 

I. C-
U- R. T.Co. 

!. c. 
U.R'.l'.Co. 

Erie 
F G.E. 
A. R. L . 
U. P. 
I. C. 

M. R. D. 
Pean. 

C. B. &Q. 
s . ..P· 
I. C. 

K. c.s. 
I. C. 

I 

I 

Stenciled 
LlghL 

Weight 
Capacity 

pounds I pounds 

42 100 100 000 
30 700 GO 000 
27 100 40 000 
36 300 80 000 
29 600 60 000 
26 600 b0 000 
35 600 50 000 
30 500 60 000 
36 200 80 000 
36 200 so 000 
37 200 80 ()<,() 
36 400 SO 000 
39 800 80 000 
32 000 60 000 
30 800 60 000 
3$ 700 80 000 
31 700 60 000 
30 600 27 500K 
31 600 80 000 
39 400 80 000 
30 300 GO 000 
:J9 000 SO 000 
41 000 100 000 
38 4f,0 60 000 
37 500 80 000 
27 30(l 
33 000 SO 000 

32 700 100 000 
29 800 60 000 
31 000 80 000 
29 900 GO 000 
40 500 60 000 
31 900 50 000 
42 900 100 000 
38 000 ~o ooo 
89 300 80 000 

40 000 
32 200 60 000 
38 700 50 000 
36 !iOO 50 000 
39 700 80 000 
40 500 100 000 
37 500 60 000 
30 900 80 000 
27 400 60 000 
35 200 60 000 
29 600 eo ooo 
29 500 60 000 
31 600 60 000 

81 

Gross 
Wei11:ht 

pounds 

36 200 
30 400 
27 700 
80 800 
69 000 
70 000 
34 000 
70 400 
89 600 
7% 50() 
76 000 
74 000 
80 000 
62 000 
67 600 
9:1 500 
80 ll()() 
so 700 
66 400 
SO 400 
69 600 
63 600 
80 000 
79 000 
62 700 
85 60(, 
85 000 
36 700 
86 500 
65 300 
97 000 
72 500 
40 400 
3-1 000 
83 000 
39 000 
88 700 
36 500 
32 400 
33 800 
37 700 
89 000 
78 600 
38 500 
91 000 
70 200 
88 500 
75 500 
65 500 
82 300 
35 400 



82 ILLINOIS ENGINEERING EXPERIMENT STATION 

TABLE 35 TONN.AGE RECORD 

Test No. S-1080 

Kind Loaded Car Car Stenciled Gross of or No. Inhial Light Capacity Wei,:ht Car Empty Wel~ht 

Lor E pounds pounds pounds 

- --
Test E 17 58 000 
~'?X L 10 315 1:.C'·, 30 400 60 000 91 200 

141 744 ,13 600 100 000 147 100 
141 622 43 600 100 000 135 200 
21 385 36 600 SO 000 124 200 

E 31 478 'r. R. E . :12 200 50 000 33 400 
L 38 140 I: ,C. 34 400 SO 000 125 000 

48 223 39 800 80 000 89 300 
GO~\!Ola E IOI 852 40 000 100 000 39 400 

105 936 40 000 100 000 40 000 
88 440 31 600 SO 000 31 600 

Box 12 000 M.L. &T. :l2 000 60 000 31 800 
Go~\!Ola 90 647 l ;_C. 31 500 80 000 31 600 

82 853 28 400 60 000 27 900 
107 665 :J9 000 100 000 39 900 
106 701 40 600 100 000 40 400 
106 321 40 400 100 000 40 200 

3 35,1 [. s. 40 400 100 000 , o 100 
104 969 I: ,C. 40 000 100 000 40 000 
106 793 40 200 100 000 40 100 
JOI 154 37 600 100 000 37 800 
100 021 32 700 90 000 33 000 
107 624 39 600 100 000 40 000 
107 217 39 700 100 000 39 000 
106 305 3\; 400 100 000 40 100 
104 027 40 400 100 000 40 500 
94 971 33 200 80 000 31 900 
1)4 209 30 600 80 000 30 800 
87 979 32 000 80 000 31 600 
76 705 30 000 50 000 29 900 

110 818 41 600 100 000 41 400 
107 532 39 500 100 000 40 200 
02 400 3 1 600 80 000 31 500 
88 001 31 200 80 000 31 100 
3 009 . r. s. 40 300 100 000 40 300 

89 391 1,.c. 30 700 80 000 30 500 
94 566 30 900 80 000 30 700 

104 167 40 800 100 000 40 700 
91 513 30 200 80 000 80 200 
91 465 30 400 SO 000 30 400 
86 098 34 300 80 000 31 600 
85 444 31 000 80 000 30 900 
87 389 31 400 80 000 31 400 
91 106 31 400 SO 000 at aoo 

111 131 40 800 100 000 :JO 700 
90 929 31 700 SO 000 31 600 

100 071 32 900 90 000 32 900 
89 481 31 800 80 000 31 400 

IOI 746 40 { 00 100 000 40 400 
87 877 31 000 80 000 30 600 
92 491 26 800 80 000 30 100 

101 177 37 700 100 000 37 800 
86 841 31 000 80 000 31 200 
85 409 31 800 80 000 31 600 
89 100 32 600 80 000 31 000 
88 948 27 600 60 000 Z7 900 
94 065 30 900 SO 000 30 800 
82 328 28 400 60 000 27 900 
87 302 30 600 SO 000 38 800 

102 002 38 000 80 000 37 800 
88 051 31 900 SO 000 31 600 
91 268 30 500 SO 000 30 500 

Ca.boose 98 413 34 800 
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APPENDIX 3 

THE TRACK 

All tests, except No. S -1030A, were made over the 91 miles of 
Illinois Central main line track lying between Gilman (mile 81.12) 
and Mattoon (mile 172.38), Illinois. 

Roadbed. -This track, formerly a part of one of the oldest 
single track lines in the State, was converted about ten years ago 
into a double track road; and the roadbed is now well settled and 
in good condition. In construction the roadbed h as been made to 
conform as closely as practicable to the standard Illinois Central 
section for class A double track. This section has a 34-ft. crown 
wit,h a slope of H to 1 for embankments, and a 46½-ft. base with 
slopes of 1 to 1 or H to 1 for cuts. The drainage of the track is, 
in gener al, excellent. 

Ballast and 'l.'ies. - Except on· a few short stretches th rough sta­
tion grounds where screenings are used for ballast, both tracks are 
ballasted with broken limestone throughout this distance. There 
is not less than 12 in. of ballast beneath the ties, and the ballast 
shoulder extends 12 in. beyond the ties whence it runs off to the 
sub grade on a slope of H to 1. The cross ties are of either un­
treated white oak ot· treated red oak, and are 6 in. by 8 in. by 8 ft. 
long. They are sp aced about 20 in. from center to cent er. 

Hail.-The south-bound or west track between mile 161 +3500 
ft. and mile 171 is laid with r ail weighing 75 lb. per yard. The 
remainder of th e west track and all of the east track are laid with 
rail weighing 85 lb. per yard. The 75-lb. rail is of the standard 
American Society of Civil Engineers' section, rolled by the Illi­
nois Steel Company, and is further designated as Illinois Steel 
Company's section No . 7506. All 85-lb. rail is of standard 
A. S. C. E. section, and Illinois Steel Company's section No. 8504. 

Jtail Joints and Fastenings.- All rails are laid with square joints, 
supported on three ties. The 75 lb. rails are joined with Illinois 
Central Standard 40-in. angle-bar splices, weighing 76 lb. per 
pair; and the 85-lb. rails are joined with similar splices weighing 
80-lb. per pair. ln each joint six track bolts are used, which are 
¾ by 4-k in. for the 75-lb. rails, and ¼ by 4½ in. for the 85-lb. rails. 
Four i°

6 
by 5½ in. track spikes are used in each cross tie. No tie 

plates or rail braces are used, except through switches. 
Maintenance.-During eight months of the year there is em­

ployed in maintaining this portion of the road a force of men 
averaging one man per mile of track; during the remaining four 
months this force is reduced to one man for each two miles. 
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APPENDIX 4 

METHODS EMPLOYED IN CALCULATING 

THE RESULTS 

This appendix presents a detailed explanation of the proces­
ses used throughout this investigation in deriving the results of 
the tests. Two methods of calculation have been employed. By 
one method resistance was determined at a point on the road; by 
the other, the average resistance was determined for the period 
during which the test car passed over a certain track section. 
The former is termed Method 1, the latter, Method 2. A general 
statement and comparison of the two methods and an explanation 
of the general limitations imposed upon the selection of points and 
sections have been given in Part I. Whatever is said under 
"Methods Employed in Calculating the Results" in Part I is to be 
considered as supplementary to the contents of this Appendix. 

THE ELEMENTS OF GROSS RESISTANCE 

The various elements which make up gross train resistance 
are: 

1. Net resistance on straight, level track, at uniform speed, 
in still air. . 

2. Resistance due to wind, (as distinguished from still air re· 
sistance). 

3. Resistance due to grade. 
4. Resistance due to acceleration. 
5. Resistai;ice due to track curvature. 
Item 1 is always in operation to retard a moving train. One 

or more (01· none) of the others may also be acting with item 1 to 
form gross resistance. 

The dynamometer car records directly the gross resista.nce or 
drawbar pull as here defined. The purpose of the calculations has 
been to determine net resistance (item 1); or more strictly speak­
ing, the purpose, by force of circumstances, has been to determine 
the sum of net resistance (item 1), and wind resistance (item 2), 
since it bas been impossible to differentiate the latter from the 
other elements. Curve resistance has been entirely eliminated 
from consideration by selecting for calculation only those points 
and sections where the train was on tangent track. Grade resist­
ance and acceleration resistance may always be determined by 
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calculation; and in order to find the net resistance, it is neces­
sar.v only to subtract these two items (3 and 4) from the gross re­
sistance recorded on the test car chart. 

Since the process employed implies the ability to calculate 
the grade and acceleration resistances, their determination will be 
explained before proceeding with the explanation of the two meth­
ods by which net resistance was derived. 

The following general notation is used throughout. Other 
special notation needed in the development of the analysis is given 
as the necessity arises. 
NOTATION: 

P = Total gross resistance= dra wbar pull.- pounds. 
R = Net resistance on tangent, level track, at uniform speed. 

- pounds per ton. 
Rr.: = Resistance due to grade.- pounds per ton. 
Ra = Resistance due to acceleration. - pounds per ton. 
W = Total train weight. - tons. 
V, Pj , etc. = Train speed.-miles per hour. 
G = Grade.-feet per mile . 
..J = Acceleration of the train speed.- miles per hour per 

second. 
a = Acceleration of the train speed. -feet per second per 

second. 
E 1 and E2 = Elevations of the center of mass of the train.-feet. 
S = Length of track section used in Method 2.- feet. 
N = Number of cars in the train. 

GRADE RESISTANCE 

If the train be on a uniform grade of G feet per mile, the 
grade resistance in pounds per ton is at the moment: 

Rri = 0.379 X G ................. . (15). 
If it be desired to find the average grade resistance during the 
period in which the test car passes a certain section of track, we 
must determine the elevations of the center of mass of the train at 
the moments the car enters and leaves the section. If we call 
these elevations E1 and E2 respectively, and the length of the sec­
tion S (in feet), then the average grade in feet per mile is: 

5280 
G = (E2 - E1) X S 
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and 

Ri = 0. 379 X (E2 - E1) X 52:0 = 2001 (;2 - E1) ...... (16) . 

G and (E2 - Ei) in these equations may be found directly from the 
profile; and S may be calculated from the profile or :from the 
dynamometer chart. To give correct results, the entire train 
must be on uniform grade at the moments for which G, E1 and E 2 

are determined. 

A CCELERATION RESISTANCE 

'rhe total force needed to produce acceleration is made up of 
two parts. The first is the force needed to produce acceleration 
in the motion of translation of the train as a whole; and the second 
is the force needed to produce acceleration in the rotation of the 
wheels and axles. This total force is the total acceleration resis­
tance Ra . 
Let 
Ra = Acceleration resistance due to both translation and rotation. 

-pounds per ton. 
F = Total drawbar pull needed to produce the acceleration. ­

pounds. 
T = Drawbar pull needed to produce acceleration in the trans­

lation of the whole train. - pounds. 
f = Drawbar pull needed to produce acceleration in the rota­

tion of all wheels and axles. - pounds. 
Then 

and 

therefore 

F 
Ra= -w 

F=T+f 

Ra = T + f ................ (17) . 
w 

T and fin this equation are found as follows: 
. W X 2000 

T = mass X accelerat10n = 32 . 2 X a 

but a = A X 5280 -= 1.466 A 
60 X 60 

hence 
'l' = W X 200~

2
~ 1.466 A = 91. 05 A W . ... .. (l8)_ 
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To find/: 
Let 
p = Drawbar pull required to produce the acceleration in the ro­

tation of one pair of wheels and their axle.-pounds. 
This is to be considered as a force applied at the wheel 
rim. 

p1 = F orce which, applied at the end of the "radius of gyration", 
would produce the acceleration in rotation produced by p . 

r = Wheel radius.--any unit. 
k = Radius of gyration of one pair of wheels and axle.-same unit 

as r. 
w = Weight of one pair of wheels and their axle. - pounds. 
a = Acceleration in the linear velocity of a point on the wheel 

rim.-feet per second per second. This equals the 
acceleration of the train. 

b Acceleration in the linear velocity of a point at the end of 
the radius of gyration.-feet per second per second. 

w is taken as equal to 1950 lb1, which is the approximate 
mean between the weight of a 4¼ by 8 axle and its wheels and 
the weight of a 5 x 9 axle and its wheels. le is found to be about 

0. 64 for various axles and wheels1
. 

Sinc·e cars have 4 axles, we have: 
f = 4 N X p 

k X P =-; V 1 

w 1950 
Vi = 32 . 2 X b = 32 . 2 X b = 60. 56 b 

le k, 
b = a - = 1. 466 A X -

r r 

Pi = 60.56 X 1.466 A X __!_ = 88.82 A X .!!._ 
r r 

1J = 88.82 A X :~: = 88. 82 X (0 .64)2 X A = 36 .38 A, 

and 
f= 4 X NX 36.38 A = 145.5 AN . ... ............ .. (19) 

'The maximum error in Ra which may result from possible variations i n ,o and !:'_ under ,. 
current standards of car design is I. I per cent. Ra !n tbecal culations seldom exceeds R. aod the 
maximum probable error In Tl due to such variations Is therefore about one per cent . It would 
occur with a train of empty gondolas equipped wi t h 5¼ x 10 j ourni>ls and wheels weighing 725 
lb. each. 
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From equations 17, 18, and 19 

Hence 

_ T t 
Bet - w + W 

Ra= (91.05 + 145.5 ! ) X A ............. . (20). 

Formula 20 may be applied to find the momentary acceleration 
resistance at a point on the road, or to determine its average val­
ue while the train passes a certain section. In the former case .A 
denotes the momentary acceleration, and in the latter case A de­
notes the average acceleration over the section. N and W are de­
rived from the train data. In either case A may be found as ex­
plained below. 

The determination of acceleration.- In determining the net re­
sistance by Method 1-at a point on the road-the momentary 
value of A in formula 20 has been determined as follows. In 
this discussion it should be remembered that all curves on the 
dyr.amometer chart are drawn on a distance base, i.e., to some 
scale their abscissas represent distances, in feet. 

On the speed curve in Fig. 17, let B represent the point on 
the road which is under consideration. At B draw the tangent 
0 n to this curve, and select on this tangent the points O and D 
equi distar1 t from B. This tangent may be considered as a speed 
curve which at B represents the same acceleration as the actual 
speed curve. By direct measurement the ordinates of the tangent 
at C and D are determined as 111 and v2, respectively. Similarly 
the distance Smay be determined. The speed at B is called v. 
The acceleration A at the point Bis then determined thus: 
Let 
v, Vi, V2 = Speed.-feet per second. 
Vi, V2 = Speed. - miles per hour. 
t = Time.- seconds. 
t = Distance.- feet. 
a = Acceleration.- feet per second per second. 
Then 

and 

a= 
d v 
d t 

dl 
dt = 

V 
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hence 

a = 
vdv 
dl 

The equation of the tangent referred to the axes Ov and Olis: 
V = 1,ll 

m = V2 - Vi 

s 

whence 

and 
dv _ v2 - v1 

ell S 

also, since v is the mean between v1 and v1 , 

_ V2 + V1 
'lJ - 2 

therefore 

a = 
but 

and 

hence 

vdv _ v2 + v1 X v2 - v1 = v/ - v/ 
dl 2 S 2S 

a = 1.466 A 

v = 1.466 V , 

91 

A = (1 . 466)2 X ( V} - V/) = 0 733 °V2 2 - V z (2 ) 
1 . 466 X 2 S • Ii 

1 
• • • • • • • • • • • • • • l • 

Formula 21 is used to determine the momentary acceleration 
at a point Bon the speed curve. Vi and V2 are ordinates at the 
two points, C and D, located on the tangent drawn at Band equi• 
distant from B. rro draw this tangent with sufficient accuracy, 
the speed curve must be nearly a straight line for a small distance 
on either side of B. 

In determining the net resistance by Method 2-while the 
test car passes a certain track section- the average v alue of A 

in formula 20 bas been determined as follows. The conditions 
are r epresented in Fig. 18. 

Let a = the uniform acceleration which, acting during the 
passage of the car through the section, would have caused a 
s peed changP. the same as that actually produced.-feet per sec• 
ond per second. 
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A = T he same, expressed in miles per hour per second. 
v1 and v2 = Speeds at entrance and exit. - feet per second. 
Vi and Vi = Speeds at entrance and exit.- miles per hour. 
S = The length of the section.-feet. 
t = The time elapsed in transit over the section. -seconds. 
Then 

and 

S=vt+ _q,__f_ 
J 2 

whence, by the elimination oft, 

a= 

and, since 
a = 1.466 A 

and 
V = 1.466 V, 

A = 0.733 V/- Vi2 ................ . . . . (22) 
s 

93 

This equation is identical in form with equation 21. It is 
used to determine the average acceleration over a given track 
section. In it A is to be understood as that hypothetical uniform 
acceleration which, acting during transit over the section, would 
have caused the absorption of the same energy as was actually 
expended to produce acceleration under the prevailing speed 
changes. Vi is the speed at the moment the head of the train 
enters the section. V1 is the s peed at the moment the head 
of the train leaves the section. S is the length of the section. 

Formula 22 is correct for all cases, regardless of the shape or 
variations of the speed curve. However, for reasons which are 
entirely unrelated to the accuracy of the acceleration determina­
tion and which have been explained in Part I, the sections were 
so chosen that V1 and v~ varied but slightly, and that the speed 
curve between the section limits presented no great speed varia-
tions. ~ 

THE DETERMINATION OF NE'£ RESISTANCE 

Net resistance on straight, level track, at uniform speed is 
termed R, and is expressed in pounds per ton. In both methods of 
calculation its value was derived from the equation: 
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p 
R = W-Ru-Ra ........................ (23). 

In which Pis de~ermined from the test car chart, W from train 
data, and Ru and Ra as previously explained. 

Jlethod No. 1.- To determine R at a point on the track, equa­
tions 23, 15, and ~0 may be used; these when combined give us: 

R = ; - 0.379G - (91.05 + 145 .5 ; ) X A .... ....... . (2-!). 

If the train is on a down grade the sign of the second term should 
be changed to plus. The value of A should be found by means of 
equation 21, and, as there explained, by drawing a tangent to the 
speed curve. The other quantities in the equation,-W, N, P, S, 
and G, may be found directly from the train data, or the dynamo­
meter chart, or the profile. Fig. 17 represents the conditions 
which prevailed at points chosen for the calculations by this 
method. In Fig. 17 the line KB represents the point on the road 
which is under consideration. All values of momentary resist­
ance included in this report have been found by means of formula 
24. 

In the selection of points for the application of Method 1, the 
following precautions must be and have been observed: 
1. The entire train must be on tangent track and on a uniform 

grade. 
2. The speed curve must be nearly straight for a certain dis­

tance either side of the point chosen, in order to permit the 
tangent to be accurately drawn. 

3. The acceleration should preferably be low. The maximum 
acceleration at any point chosen for the calculation of 
values included in this report was 0.106 miles per hour per 
second. 

Method No. 2. To determine the mean value of R over a cer­
tain track section, equations 23, 16, and 20 ma.y be used; these 
when combined give: 

R = ~ _ 2001 X (E1 - E1) ( + 4 N ) (2 ) W S 91. 05 1 5 . 5 W X A. . . . . . . 5 . 

In this case the value of A should be found by means of equation 
22. The quantities to be determined in order to use formula 25 
are W, N, P, S, V1, V2 and (E1 - E1) . TV and N are derived from 
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the train data. Pis the mean drawbar pull over the section, and 
is found by determining by the use o! a planimeter the mean 
height of the pull curve between the section limits. S is the 
section length and may be found directly from the dynamo­
meter chart. Vi is the speed as the train enters the section. 
V2 is the speed as the train leaves the section. V1 and V1 

are determined directly from the dynamometer chart. Ei 
is the elevation of the center of mass of the train at the 
moment its head end enters the section. E2 is the correspond­
ing elevation at the moment the head end of the train leaves 
the section. The quantity (E2 - E1) is found from the pro­
file. R in this case corresponds to the mean speed over the sec­
tion. This mean speed is determined by means of the records of 
time and distance. Fig. 18 represents the conditions which -pre­
vailed at sections chosen for the calculations by this method. In 
F ig. 15, Appendix 1, is represented the section from which the 
results for item 12 of test S-1057 were derived. All values of mean 
resistance included in this report have been found by formula 25. 

In the selection of points for the application of Method 2, the 
following precautions must be and have been observed: 
l. The track must be straight over the section and also for a 

distance (equal to the train length) before the entrance to 
the section. 

2. The entire train must be on a uniform grade at the moment 
its head end enters the section, and again at the moment it 
leaves the section. These grades need not, however, be alike. 

3. For reasons which have been explained in Part I, the speed 
curve between the section limits should not present great 
speed variations nor should the difference between Vi and J/2 

be greater than ten or twelve miles per hour. 
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APPENDIX 5 

THE RESULTS OF THE INDIVIDUAL TESTS 

Appendix 5 exhibits for each test a table showing the main 
results of the calculations. Where both methods of calculation 
have been employed, the tables show two groups of items. The 
one group displays the results obtained by Method 1, and the 
other shows those obtained by "Method 2. The notation following 
the column headings is the same as that used in Appendix 4. 
The final values of net resistance on tangent, level track, at uni­
form speed are given in column 13, and the corresponding Yalues 
of speed are given in column 12. 

Following the table of results for eacb test is a figure which 
shows the relation between speed and resistance for the same 
test. The coordinates of the points plotted in these diagrams 
are the values of speed and resistance given in columns 12 and 13 
of the corresponding table. The points represented in the dia­
grams by circles are plotted from values of momentary speed and 
momentary resistance obtained by Method 1. The points 1·epre­
sented by circular black spots are plotted from values of average 
speed and average resistance obtained by Method 2. The numbers 
shown at the points are the corresponding item numbers given 
in column 2 in the. table. 

The curves represent for each test the mean relation between 
resistance and speed. In order to draw these curves, the plotted 
points were assumed to be arranged in a number of groups .for 
each of which the "center of gravity" was determined and plotted 
on the diagram. The curve was then drawn by confining atten­
tion to the few points thus determined. The groups of points 
were arbitrarily selected so that the r esulting "centers of grav­
ity" were almost equidistantly distributed throughout the speed 
range. 



TABLE 36 TEST N o . S- 1013 

From Champaign t,o Gilman, April 27, 1908. Weather: Intermittent rain. Temperature: ! 2° F. at start, 4-!° F. at 
end of test. 'J'otal weight behind measuring draw bar = 2540 tons, including the test car. Train length = 27!H 
ft . Center of mass H25 ft. bacl{ of measuring drawbar. 67 cars: 10 empty, 57 loaded. Kind of cars: 53 box, 
9 gondola, 3 tank, l test, l caboose. Average weight per car = 38.04 tons. 
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TABLE 37 T1~s·r No. S- 1015* 

From Champaign to Gilman, April 29, 1908. Weather: Fair. Temperature: 40° F. at start, 48° F. at end o f test-. 
Total weight behind measuring- drawbar = 2489 tons, excluding the test car. Train length= 2520 ft. Center 
of mass 1200 ft. back of measuring drawbar. 69 cars: 8 empty, 61 loaded. Kind of cars: 46 box, 4 gondola, 
11 flat, 7 tank, 1 caboose. Average weigh t per car = 36.08 tons. 

3 

Method 
~tem I Mile Post I Section I 

Length 
--

5 114.:l,, 
l: 6 112.27 
0 7 110.64 ,s::. 

(/) 8 108 67 ,. "' 9 105.95 - ., 
C,: 10 101.76 ., .. II 100. 19 

~°'> 12 96.91 
c-o"' 13 96.00 ·-C ,_. 
o.o,e 14 95.48 
p.. '°;, 15 94.00 . ., 

16 92.00 "'8 
"'o 17 90.00 
9::S 18 86.00 

19 10~. 44 

~ 20 103.35 
21 103.25 
22 103.02 

'O 

l 
;6 6 114.81 - 114 . 18 3310 

C ~,d CJ ,,r. ' 111 22-110.58 3380 
0 .(/) til. C!J 8 97. 16- 116. 19 5160 
-~ ~ e-,1:,:! 0 91. 18- 93.51 342() i co c» cd 12 ss. 14- 87 .12 5380 en S.,;, ► > 

13 86.al- 8[>.'I I 4650 ::,0>< 

8 14 83.80- 82.79 5380 I 
• For complete table beading see 'l'able 36. p. 99. 

5 

Pull 
I' 

---
21800 
14800 
31000 
13900 
IOSOO 
11600 
1850() 
:17:,() 
5500 
3.">00 
~2.50 
5500 
7i50 

12500 
25800 
28000 
31600 
36750 

22~ 
31500 

5250 
:;2..:,0 

10000 
12.'iW 
11200 

Acee!. 
A. 

-
() 
(l 
() 

-\).0220 
+ 0.0220 

0 
() 

0 
+ 0 .0021 
+ 0.0300 

0 
0 
0 
0 

-0.0587 
-0.0587 
-0.0587 
-0.0 140 

7 

Speed 
VI 

- -

13 00 
9.00 

:II .40 
31.20 
24.20 
21 .50 
22.so 

Speed 
r2 

13.00 
7.00 

31.70 
31.2() 
24.20 
21. 70 
24.70 

v rade 
G 

--
+ 7.9tl 
- 3.56 
+ 20.50 
+ 4.39 
-15.01 
- 1.47 
+ 4.82 
- 16.55 
- 27 .00 
- 24.00 
- 13.20 
- 11 .30 
- 8.80 
- 1.05 
j-30.60 

+31.60 
33.00 

+ 29.70 

+ 8.62 
19.82 

- 12.38 
- 12.00 
- 4.1 2 
- 3.52 
- 6. 48 

JO 11 12 13 

C -- • ---- • ___ 

Direction IVclocity I Speed Resist-" ance 
B 

:j:SO' L 6 13.00 5 .84 
50'L 10 2:l. 00 7.30 

+ s,•.c.. 7 7.00 4.68 
+ 60' L 9 2.J.50 6 .02 
+4o'r, 15 31. 77 7.80 
+ 30' L 12 22.10 5 ,23 
+55' L 6 16.40 5,61 
+ 35' C. 15 32. 10 7 ill 
+ 45°L 15 33.10 8'51 
+ .'>5' L 11 36.40 7'65 
+30' L 16 31.25 7' II 

+60°L 7 29.50 6'50 
80° L 12 28. 25 6'44 

- 80°L 10 21.00 5"<12 

t35° L 10 13.90 4,35 
25°L 8 12.(J() • ·64 
25°L 6 9 .70 5·69 

+ 65, L 2 5.28 4· % 

I $80°L 6 13.00 5.66 
65° rJ 7 8.00 5.80 
~50.L II 3%.00 6 51 

t 80°L 16 31 .20 7.03 
, 40°L It) 21.21) 5.56 

- so•L J() 21.60 6.21 
+ so• .c.. 12 23.70 5.79 

-

Ul 
0 
t:r: 
~ 
8 
1-3 
I 

>,j 
:ii 
t,:,:J 

5 
::i:: 
1-3 

8 
:ii 
> z 
~ 
t,:,:J 
Ul 

m 
>-3 
> 
2! 
0 
t,:,:J 

.... 
0 .... 



TABLE 38 TEST No. S-1016* 

F rom Gilman to Champaign, April 30, 1908. Weather: Fair. Temperature: 44° .I!'. at start, 48° F. at end of test. 
Total weig-ht bebind measuring drawbar = llfll tons, including the test car. Train length= 3030 ft,. Center 
of mass 1515 ft. back of measuring drawbar. 72 cars: 72 empty, o loaded. Kind of cars: 70 gondolas, J test, 
1 cab:>0se. Average weig-ht per car= 16 12 tons. 

6 -I - 7-

-----;-----i--------+---_.:•~- -----l-· ----
Method I Item I Mile Po• t I Section I Pull I Acee!. I- Speed Length p A VI 

2 4 5 

' ' 
"' ..,., 

9 91.S7 14~00 0 -:, 
o- 10 95.55 10150 0 ~ .. 

I I 00.61 20250 () ~> 
"'"" 

12 98.t!7 21500 0 

"'" 15 105.66 6250 -0.0118 
~di:::5 16 100.27 92.;0 -0.0300 a-~ _.," 17 106.91 13600 -0.0117 
~.,;8 18 107.39 14750 -0.0117 

"'o 19 107.75 14700 -0.01 17 s~ 21 115.89 7500 0 

.s E: 22 117.65 8000 0 
00 23 109.~2 9900 0 
O.c 2,1 99.70 8750 0 

"' 
.., 5 98.23- 98.85 8280 21000 9.25 _., 

6 104 .37-104 .88 2675 6000 25,00 0., 
..>,: 7 105.17-105.66 !?596 6200 25. 6.5 
~:is 8 105.66-106.27 3208 8400 2-l.28 
-c> 9 100. 91 ·- 107 .37 2-130 1-1000 18.20 "'"., JO 107.37- 107.75 2()30 14300 16.60 .2~~ 11 11,5.6.5- 116.15 2610 7400 23.30 

~co""' 12 116.68- 117,65 :>1:m ;1~• 22.5(1 ., • <> 
(/'jt,/}';; 13 118.17- 120.37 11570 102:.(1 22.00 

~< 14 120.83- 121.64 6950 10()()(1 23.30 
S;, 15 123.20-125.07 9880 1()2()\) 22.30 
:,o 16 111.45- 111.79 1752 6600 21.10 8~ 17 111. 79- 112.28 2(i(H 650(1 26. 15 

18 112.28-l i2.62 600 :3500 29.17 

• f<'or complete table headlnll' see 'l'able 36. p, ll!l. 

I 

8 

Speed 
f'2 

7AO 
2:-,.00 
24.53 
22.90 
16.60 
14.9(1 
23 .W 
21.•HI 
23.30 
2-!.20 
22 .30 
20. 15 
2!l. 10 
29.42 I 

Grade 
0 

+12. 21 
5.06 

+25.80 
28.80 

- 8.20 
-- 4 . H 
+ t3.25 

+17.40 
16.20 

- 7.32 
- 1.57 
- 1.92 
- 4.87 

+29 .0 
- 16.78 
-1 1.3() 
- 3.62 
-l-14 . 13 
+ 16.65 
- 6.40 
- 2.6!! 
- 0. 1, 
- 2.58 
- 0.27 
- 22.90 
- 29 .65 
- 28.20 

rn_ __ I 11 I 
Direction !Velocity I 

I 
+s5°R 14 

00°R 10 
5i0 R 10 
55°R 6 
30°R 12 
3o0 R II 
35°R 7 
30°R 10 
25°R 9 
20°R 9 
20°n I} 

30°R II 
20°R 15 

!
;;;;on I 6 
40°R 10 
io•n I I 
30°R 12 

+ 35° lt ' , 30° 1{ I() 

!20°R 9 
20° R 9 
1:-,• R II 
35°11 8 

+ 35°1{ 9 

I 

12 

Speed 
A 

11.20 
16.30 
9.50 
8.30 

21.10 
22.90 
17. 10 
16.60 
15.00 
23.60 
21.30 
20.10 
18.90 

8.75 
21;.00 
25.30 
24 .00 
17.40 
15.70 
23.40 
21.9:> 
22.65 
23 -;;, 
22.30 
25. 15 
27.65 
29.20 

13 

Resistr­
a.nc.e 
JI 

7.77 
7.08 
7.66 
7.60 
9.74 
9 28 
7 .85 
7.27 
7.67 
9.23 
7.48 
9.26 
9.38 

7 . 43 
11.52 
11 .15 
10.10 
i.56 
7.96 
8 .79 
7 .77 
8 .51 
9. 13 
8.9() 

H), 18 
12.26 
11.87 

.... 
0 • N:> 

~ .... 
z 
0 .... 
UJ 

txJ 
z 
Q ..... z 
txJ 
['l 
;,;) 

z 
C) 

txJ 
~ 
'C 
t=J 
~ 

s: 
t_tj 
z 
>-3 
UJ 
>-3 
> 
>-3 .... 
0 
z 



SCHMIDT- FREIGHT TRAIN RESISTANCE 103 
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I TEST NO. S-10 16. ~ 
z I AVERAGI!!: WEI G H T PER CAR ( 6. ( 2. TONS 
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Ill I I✓, •• 
0 IO ,~ 

" ~ - 8 '.!. ~ ) '--'- --~•i ~ -1 - - - ,. ,( 

iii I 10 

Ill 
6 Q'. 

z I <( 
Q'. I 
I- 4 

' I 
-H-- 4 -- a -- 12 -- 16 zo 24 ~~ 2

1
s -~ 3r -- 3f3 1-1- t-

I I I SPEEO--M.P.H. 

FIG. 21 

I II I I I I I I r, I 

- 14 
II I II I I I I I I 
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TABLE 39 Ti,;sT No. S-1017* 

From Champaign to Gilman, May 1, 1908. Weather: Intermittent rain. Temperature: 48° F. at start, 54-° F. at 
end of test. Total weig-ht behind meas uring dra.wbar = 2532 tons, ex:cl..iding the test car. Train length = 
2610 ft. Center of mass 1200 ft. back of measuring drawbar. 66 cars: 13 empty, 53 loaded. Kind of cars: 62 box:, 
3 gondola, 1 caboose. Average weight per car = 38.44 tons. 

3 

Method Item Mile P ost 
I I 

2 85.23 
3 86. 16 
4 88.1! 
5 00.00 
6 91.25 
8 lr,;.82 
9 100.71 

10 101 .48 
II 103.69 
12 103.60 
13 !03.89 
14 IOl.53 
15 10UI 
16 l05. 71 
17 1116.3(/ 
18 106 .00 
19 96.00 
2() 95.65 

- - -
I 82 .41 - 8.2.00 
2 87.56- 86.80 
3 89.10- 88.59 
4 92.00- 91.25 
5 94. 13- 93.63 
e 95.30- 95. 10 
7 101.50- 101.00 
8 105. 74- 105.34 

I 
SccUon. J 
Lengt h 

' -----

! 

2152 
4318 
2372 
3970 
2624 
988 

2620 
20~8 

5 

Pull 
p 

11250 
14700 
10000 
6500 
5750 
5850 

25300 
21000 
20000 
30100 
25500 
19900 
2185() 
12250 
14250 
12750 
5350 
3500 

17300 
16100 
0000 
6500 
6600 
3400 

24000 
19150 

I 

!~ 1 :\1 I :?tT~=l?fl~ l [~: I A~ I 
:, 12 116.00-115.50 22!0 17!()() 
s:i 

9 104.40-IOl . 10 1580 24500 

• For complete tab le heading sec T able 36. n . Ill!-.----

6 

Accel. 
A 

0 
0 
(I 
() 

0 
+ O.Ol65 

0 
-0.0101 
- o.osoo 
-O.OM5 
- 0 .0500 
- 0.0388 
- ll.0388 

() 

+o.0325 

:j:0 .0325 
0 .0550 

+ 0 .0425 

7 I 8 

S peed I Speed 
l'l V~ 

20. 10 
22 . 10 
23.40 
26.:lO 
21 . 15 
33.55 
11 .60 
21.90 
16.30 ir:ao 
f>. IO 

17. IO 

19.40 
21.32 
23.70 
27.20 
27.33 
33.95 
IO. iO 
21 .9<) 
16. ,1() 
26.~,o 
5. tu 

17.(1() 

9 

Grad-, 
G 

- -

- 3. 71 
- 0.00 
- 6.45 

8 .47 
8.54 

-N.35 

t 1:1.90 
10 .!I() 
27 .!!tl 

l-28 -90 

:j:22.60 
15 .50 

+ 15.&4 
4. 05 

- 12. 10 
- 14.72 
- 27.05 
- 28.70 

+ 2. 20 
- 0 .66 
- 1.90 
- 11.43 
- 13.55 
- 20.80 

1
12.~3 
2 .79 

13.35 
!! .00 

+ 19.80 
+ 2 .21 

----

I 10 

/ Directio n 

+ 1s0 r. 
t 0°L 

65°L 

:m' r 
' L 

~
or, 
OL 

+ OO"L 
+ 10°r, 
+ 75° L 
+ 70°L 
- 8-5° L 
- 85°L 

:j:ss•r, 
~ or, 

+
' GO' L_ goor, 

-l-80°L 

:j:45°L 
65C)JJ 

+ 50' f, 
+ 65° L 
+ SO' L 

:j:60°L 
90or_.. 

+ 10°r. 
- 85° [, 
- 85° L 
- 80° L,. 
-85°L 

I 11 I 12 

IVeloeiLy I $p'fd 

18 20.60 
16 18.50 
19 22.00 
37 24.00 
2() 27 .50 
13 31. /iO 
22 11.00 

I H 11.35 

I 
H 10.50 
13 I0.00 
16 14.00 
16 16.00 
12 15 .80 
IO 27.20 
9 25.30 

12 27.00 
11 30.80 
17 32.50 

9 20.00 
12 2().40 
21 23.20 
20 26.80 
21 26.90 
14 33.75 
14 l l.20 
16 21.90 
15 16.60 
It) 

I 
27. 3() 

13 5.10 
13 17. lO 

~ 
I 

Resist­
ance 

Jt 

5.86 
5.81 
6.40 
s.es 
5.51 
7 .14 
6.62 
5.84 
6.14 
6. 11 
6 .20 
5.66 
6.38 
6 .37 
7.H 
7.53 
7.14 
8.25 

6.89 
7 .15 
5 .22 
6.02 
7. 49 
7.00 
5 .38 
6.51 
6 .13 
S.63 
6.60 
6 .08 

~ 
0 
""'-

.... 
r< 
r< z 
0 .... 
rJJ 

t_,:j 

z 
(µ ..... z 
t_,:j 
t_,:j 
~ .... z 
G') 

t,:J 
>:1 
'O 
t,:J 
::.:I 
i 
t,:J 
z .., 
U! 
1--3 
> .., .... 
0 z 



'.rABLE 40 TES'.r No. S- JOL8* 

From Gilman to f:hampaign, May 2, 1908. Weather: Fair. Temperature: 40° F. at start, 45° F. at end of test; 
Tot al weig-ht behind measuring draw bar = 1353 tons, including the test car. '.rrain length = 2130 ft. Center 
of mass LO00 ft. back of measuring draw bar. 49 cars: 34 empty, 15 loaded. Kind of cars: 28 box, 3 gondola, Sflat, 
8 tank, l test, 1 caboose, and 2 I. C. locomotives, No. 423 and No. 732 with tenders. Average weight per car = 
25.40 tons. 

2 3 • 
Method Item Mlle Post 

I 

Seotioo I 
Length 

5 93.94 
6 94.59 

> 7 96.34 0 8 97.29 .c 
"' 9 98.68 ., .. 

10 100.15 - ., 
o.= 11 102.00 
~" 12 104.48 
"'> 13 105.31 ~'C !>, 14 106.25 --t::1s-o.,g 15 106.40 

il<"'.g 16 100.:;a 
"'S 17 106.64 
"'O I~ 100.71 
8~ 19 106.00 
::, 20 107 .07 
0 21 107.47 
0 22 108.23 

23 109.17 
26 115.94 

0 .. 
3 92.00- 92.51 2675 "'., ., .. 4 96.22- 96.74 m o 

" '° 5 !Ol.43- 105.84 4800 ~cetll) ~ 126.00- 126 .45 2400 0 ·> Q) 

•:::icO<.:! II 98.55- 98.85 1588 

!~==~ 
12 101. 70-102.00 1584 

c o 18 108.08- 10~.41 1748 

s~ 14 106 .00--107 .30 6840 

-=~ 
15 JOG.00-106.53 !750 

0 16 106.58- 107 .30 4096 
0 ---- ----~ ---

• For complete tab le headinr see Table 36. p. 99. 

5 

Pull 
p 

13300 
HOOO 
20600 
147!\0 
22000 
18500 
94i0 
4750 
5000 
7000 
8300 
8550 
9350 

10250 
10000 
11000 
12000 
16000 
8750 
9200 

12800 
21250 

5100 
QOO() 

22000 
1010() 
15000 
9300 
750\1 

10:;()() I 

6 

Acee!. 
A 

0 
0 

-0.0018 
-0.0042 
-0.00!8 
-0.0025 
+o.0 159 
- 0.0263 
-0.0016 
- 0.0419 
-0.0615 
-0.00H 
-0.0596 
-0.0419 
--0.0-119 
- 0 .0419 
-O.OH9 

0 
0 
0 

7 

Speed 
1'1 

16.20 
I 1.30 
29.70 
18.20 
10.35 
23 .41 
14 . 20 
28.05 
28.05 
%4 . 32 

Speed 
r 2 

15 .20 
I 1.3() 
29 .20 
17.70 
JO. 12 
21.77 
14.00 
18 .2:3 
24.32 
%8.23 

9 

Grade 
(; 

+ 8.92 
+ io .oo 
+ 26 .50 

i 9.30 
28.80 
22 .00 

- 8 .00 
- 2() 10 
- 10 .15 
+ 1.44 

t l3.00 
15.40 

115.00 
14.37 
12.15 

+ 14.38 
+ 11.10 
+ 16.10 
- 2.72 
- f;.70 

+ 11 .20 
t 25.50 

- 14.30 
+ ~-08 
-f-25.70 
- 11.00 
+ 16.30 
+ 12.50 
+ 7.88 
+ is .HJ 

10 

D irection 

t85° R 
70°R 
55j)R 

1
45° 8 
oo•n 
8!\0 R 
7r,0 R 
10°R 

~
• R 
• R 

ffl
• R 
• R 
• R 
• R 
• R 
•n 

+ 45°R 

±4a0 R 
, l5°H 

+ 35°R 

+ S0°R 

:j:55°R 
s:;•R 

t00°R 
e•oR 
75° R 

+ 4s• n 

l ___ ll I 

I Velocity I 
15 
12 
7 

13 
8 

14 I 
13 
23 
14 
12 
II 

I 10 
11 
10 
II 
9 
8 
7 

10 
12 

1:1 

' 14 
12 
8 

13 
7 

12 

Speed 
TT 

16.00 
14 .70 
10 .6(1 
17.95 
9.45 

13.10 
24 .80 
30.2'.) 
29.30 
26.:l() 
2~. 70 
21.20 
23.15 
22.50 
21.00 
1~.7() 
17.00 
13 .8() 
21 . 5(1 
23.20 

15.80 
11.40 
29.:,(1 
17.68 
9 .40 

21.00 
14 .20 
22.80 
26 .60 
20 .00 

I 

13 

Resist­
ance 
it 

6.47 
6 .67 
5 .32 
7 .78 
5 .82 
5.57 
8.8S 
8 .59 
8 .00 
6 .40 
7 . 12 
6.72 
6.77 
6.18 
6.85 
6 .74 
6 .H 
5.72 
7.50 
7.00 

6.00 
6 .02 
a.e2 
6.46 
6 .72 
8 . 7◄ 
5.21 
6.82 
7. 59 
6.52 

(fl 
0 
:I: 
~ 
8 
8 
I 
".l 

~ 
0 
til 
8 

1-3 
~ 
> ,_. 
z 
:lJ 
t_:,:J 
(fl .... 
(fl 
1-3 
> z 
0 
t_:,:J 

.... 
0 
<:.]l 



106 ILLINOTS ENGTNEERING EXPERIMENT STATION 
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TEST NO. S-1010. 
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'l'ABLE 41 TES'!' No. s-1orn•· 
From Champaign to Mattoon, May 9, 1908. Weather: Fair. Temperature: 44° Jl'. at start, 62° F. at end of test.. 

Total weight behind measuring drawbar = 15?2 tons, excluding the test car. Train length = 3480 ft. Center 
of mass 1600 ft. baclt of measuring draw bar. 8!! cars: 75 empt,y, H loaded. Kind of cars: 29 box, 5:l gondola, 
6 flat, l tank, l caboose. Average weight per car= 17.72 tons. 

Method Item 

' 
0 & 
~:-. 7 
"' ... 8 
""!'l 9 "" ~ Q) !I) 10 C .a<.} 11 

-tDo~ 12 ~-~::E,. 13 ~a:> 14 
sZ 17 
""' 18 8~ 19 

20 

'O ... 
6 "0) 

~~~ 7 

§~~.=! 8 
·-1.") od 9 
~:g~> 10 

~a"'~ 
II 
13 :,- .. 
15 os 

Uc,, 16 

Mile Post 

' 
1-11 . 18 
143.80 
144.90 
147.30 
149.!!() 
145.98 
146.19 
146.38 
146.54 
157.13 
159.82 
1~1.44 
165.93 

141.)8- 141.56 
143.l!0-144 .27 
144.89-145.44 
146.98- 144.47 
146.19-146.51 
145.99- 146.38 
155.83- 156.33 
165.66-166.16 
161 .21- 161 .61 

4 

I Section I 
Leng-th 

' 

2.~70 
2450 
2890 
2568 
1856 
2064 
2640 
2640 
2112 

Pull 
p 

10700 
9000 

11000 
7500 

I Ill()() 
9000 
8700 
8050 
7400 

lllOOO 
15400 
9800 

13250 

10900 
l)',l()() 

10-200 
7000 
8250 
8850 

18000 
12950 
10100 I 

For complete table heading see 'l'able 36. p. W. -- - -----

6 

Acee!. 
A 

0 
0 
0 
0 
0 

+o.0289 
+o.O:IB9 

+Z.U210 
.0:?89 

0 
0 
0 
0 

Speed 
J/1 

17.90 
20.:!0 
18.50 
24 .25 
21.5-1 
20.8:, 
10.78 
14.00 
19.83 

I 

I 

8 

Speed 
V2 

17.90 
20.00 
19,5(1 
21 .25 
23.86 
2R 18 
10.78 
14.00 
19.97 

9 

Grade 
(; 

- ~.75 
- 9.03 
- 4.16 
- 12.70 
- 3.64 
-14.52 
- 17.95 
- 19.50 
- 20.50 

+ 7.21 
5.22 

- 7.66 
+ 2.31) 

- 3.03 
- 7 .ll3 
- 7.80 
- 13.76 
- 7.90 
- 8 .9() 

+ 9.90 
2.00 

- 3.20 

-------

10 
_I __ 

I Direction 

+30° R 
2~0 R 

±30° R 
20° R 

' :JO• R 
+ 20° n 
+ 20° R 
-i-35° R 
+ 20• R 
+ 25• R 

+25° R 
:!0° R 

+ 45° R 

+ 30° R 
+ 2-'>• R 
+ 30°R 

:t20° H 
20° lt 

l2l.J• R 
35• I{ 

30° R 
+ 20° R 

1l 12 

Velocity I Sr>r_ed 

21 18.20 
27 20 .25 
21 I 18.50 
,JO 2"1.30 
21 18.00 
31 21 00 
~I I 21. 75 
21 23.20 
31 :l3 60 
18 11.56 
18 12.-15 
32 20.:kl 
15 1-1.70 

21 18.00 
27 20. 10 
21 19.(X) 
:10 24.25 
31 23.00 
:11 21.65 
19 

I 

10.78 
21 14. 10 
32 20.00 

I 

13 

Resist• 
ancc 

R 
---

$ .2:l 
9.14 
8.58 
9.61 
8.89 
8.36 
9 .46 

10.14 
9.62 
7.4-1 
7 .82 
o. rn 
7.51 

8 .00 
8.80 
8. 49 
9.67 
9.67 

10.66 
7.70 
7.48 
9 .26 

U) 

0 
~ 

a:: 
ti 
~ 
I 
~ 
:,0 
t=; .... 
0 
::;: .., 
"' :,0 
> 
i 
::d 
t::J 
U) 
H 
U) 

"' > z 
0 
t::J 

~ 

0 
--.:i 



TABL]J; 42 1'ES1' NO. S-L02L" 

From Rantoul to Paxton, May l3, 1908. Weather: Continuous Rain. Temperature: 66° F . a t, start, 70° F. at end 01 
t.est. Total weight behind mea-suring drawbar = 2908 tons, including the test car. Train length = 2400 f t . 
Center or mass 1200 ft. back of measuring dr1twbar. 63 cars: 10 e mpt y, 53 loaded. Kind of cars : 18 box, 
38 gondola, 3 flat, 2 tank, l test, I caboose. Average weigh t per car = 46.16 tons. 

1 I 2 I 3 I 4 I 5 
I 

6 I 7 
I 

8 I g l 10 
I 

11 
I 

12 
I 

13 

I Item I Section I Pull 

I 
A cee!. 

I 
SJ)eed I Speed I Grade 

I Direction Jvelocitr I S p_~ed 
I 

Resist;-
Method Mile Post Length p A J'J 1'2 0 ance 

R 

i< I 0 7 106. 71) l().;Q(l f-O.o:l62 -16.70 + io'H 13 26.60 6.55 .c ,,, 8 105.82 10800 -0.0056 - 6.60 +SO"R 15 29.90 6.74 ., 9 105.74 12()50 -0.0172 - 3.00 =l:' R 15 2\) ,6() 7.26 -., 10 104.65 186.50 --0.0490 + 15.80 ' R 16 23 .2-5 5.02 
g~ II 104.59 19000 -0.0-190 

f 
16.05 +70°R 15 22.80 5.06 

12 104.53 20850 -O.Ol90 16.30 70°R It\ 22 .25 5 .61 
~~~ 13 104.41 21300 -0.(}125 15.20 +10°R 15 21.3-5 5 .57 
i:::i"t:S >, 14 104.32 21100 -0,0425 14 .10 +70°R 17 20 .7.'i 5.92 

.... SJ=-- 15 104.21 21:lOO -(l.(l-125 + 14.08 80°R 18 19.85 5.00 
0"' '° 

0.. - 16 104.10 21800 -0.0l25 +16.00 

ffl
'R 20 19.00 5.08 - c 17 103 .62 28900 --0.0oro +28.60 ' R 19 13 .60 4.30 "'"' .s 18 103.50 30750 --0.0530 +29.50 ' R 16 I0 .40 4.24 

-~ 0 19 103.72 27750 --0.058~ 

t27 00 " R 22 14 .70 5 .46 
,,,;:i\ 20 105 .40 12200 --0.0490 5 .94 +S0°R J.5 28 .50 6,55 
C 21 lOl.82 17250 --0.0100 11.00 S0°R 18 24 .50 5.~I s 22 JOO .St 10750 +o.0362 - 17.40 26.40 6.90 :, 

0 23 105 .95 11500 +o.Ol5G I - 13.00 29.80 7.4 I 
u 
; 

7 107 .Oi-106. 73 1596 10850 25.44 26.92 -14.00 + 75°R 12 20 .20 7.03 
.c ,, 8 106.30--106.00 1588 11200 28.75 20.7.3 -13 ,20 + 75°R 15 29.50 7.63 

"' 9 106.00-105 .70 1588 1115() 29 .75 29.7.) - 6.60 +SO'R I!) 29.80 6.99 - ., 
QO> 10 105.70--105 .40 1681 11650 ;.)9 , 75 28.40 + 2.40 +so0 R 15 29.()() 6 .29 
-:, II 105.40--105.10 1592 !3,00 28 .40 26.43 + 6 .07 +80°R 15 27 .40 6 .50 

CO)~ 12 105. 10--10-1.80 1584 16500 26 .43 21 .32 + 7 .70 S0°R 18 25.40 6 .66 E"g:> 13 104.80-104.49 1588 18500 24 .32 22.07 + 13,20 +70°R 10 23.20 4 .60 ts"'., 14 104.49-104.19 1580 21350 2'2 .07 19.80 + 11 .10 70°R 16 20.90 6.16 ., ... 
CJ)~}: 15 104. 19-103 .89 1576 22300 19 .08 17.00 +13.50 +70°R 20 18.40 5.60 

"'"' 16 103.89-103.69 1600 26000 17.00 12.95 + 21.15 65°R 22 15 .00 3.Si 
"'" 17 103 50-103.33 868 32500 11.52 8.45 + 30.00 10.00 4.00 
c< 18 103.33-103 .21 648 35250 8.4:; 6.41 +30.00 7 . JO 3 .00 s 19 103,21- 103 . 12 464 36750 6 .41 4.50 I 30.00 5.50 L38 :, 

0 2() 103. 12- 103 .03 51 2 3i600 4.50 l.&l +30.00 3.00 3.94 
u I I --- -

• For complet-0 t a ble h eading see Table 36. p. 9il. 
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SCHMIDT-FREIGHT TRAIN RESISTANCE 109 

I I I I I I I I I I I 
_ 14-+-1-+--+--+-+-<--+--+--+-<>-+-1~_~1 1_~1 -~11~--11_~1~--11~~1 ....... 1......_...._ ....... ---1-...._........,_, 

I TEST NO. S-1021. 
2 I AVERAGE WEIGHT PER CAR 46,16 TONS ._..._._,__,__,_.._.._. 

~ 12.++-f-+-l--+-+-1-1-+-+-+-~~~~~~-~~~~~~~-+~~l-l-+~~ 

ffi I 
a. I 

~ I O,+-+-+-if-+-+-+-+-+-+-f-+-+-+-+-+-+-if-+-+-+-+-+-+-if-l-+-+-l-+-+--IH-+-+-1--1---l 
.J r-1 

fu : I 

g L 8 +-+-+-if-+-+-+-+-+-Hf-+-+-+-+-+-+-if-+-+-+-+-+-Hf-1-'., +-!--I-', -·i:.•-1' -+-+-I-~ 
~ :>-11-+-+-+-+-+-if-+-+-+-+-+-+-if-l-+-+-l-+-+--if-l-+-+-l-+-~hf-,1., ~ - --

Ul L I 1~•

7

~l~~o'°,. -'_..'w'"_--1_:-_ .... ;--1"'":~_--1;_ ... :_::-:_:-_::: 
, <-+--<e--+-+--+-+-+-+-<,-+-+-+--+-+-+-<-+-+-+,.H-f--t'',1..1-J~ ·• 

~ ~ 6 19 : ~ ~ ·.:-1$ ?\ L, 7 II IOJ-f-1-+-+-+-+-+-if-+-I 
~ lo I ll ,o H-+-+-+--l-+-1-1-+-l-~-l-+-I-I 

~
1
.~1H-++,.++--H~7+-,+-H-+-+_-b~+-<~,6:+-fi ,o•~~~~~:~~~~~::~~~~:~~~~~::~~~~-1 

I- 4 IU O 13 l--~--~-~ I 
i- :_._ zol-l-+-+"1--+-+-H-+-+-+-''4-+-H-+-+-+--+-+-1-1-+-+-+--+-+-l-l-+-+-+--+-+-I-I • I I I 

-- 8 --~12 -H l6 20 24 __ 
' SP"EE:O--M . P .H. 

FIG. 25 

I I I I I I I I I I I r 
- 14 I I I I I I I I I I 

I TEST NO. S-1023. ' z I 
AVERAGE WEIGHT PER CAR 38.72 0 TONS 

I- 12 
a: 
w I a. I 
cri 
ID 10 
.J 
I I w I 0 
z 6 "' -, 

< 14 ' 
.... , 

I-
1/J I IO C ,_ 0 ~ 
ijj I 

11 _ 11 
C • w -- 8 

II 
a: G 
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, ,, 13 " • ~--< 
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!: 4 • 
- -- 17 .. ,. 
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TABLE 43 TRsT No. S-1023* 

From Champaign to Paxton, May 23, 1908. Weather: Fair. Temperature: 62° F. at start, 7-!° F . at end of test. 
Total weight behind measuring drawbar = 22-13 tons, including the Lest car. Train length = 2320 ft. Center 
of mass 1020 fli. back of measuring- draw bar. 58 cars: 17 empty, 41 loaded. Kind of cars: 24 box, 30 gondola, 
2 tank, 1 test, 1 caboose. Average weight per car = 38.72 tons. 

1 
I 

2 I 3 
I 

4 
I 

5 
I 

6 7 I 8 I 9 I 10 
I 

11 
I 

12 I 13 

Metbod I Item I I Secti~n I Pull 

I 

Acee!. Speed I Speed I Grade 

I I I 

s I Resist-Mlle Post Length p A VI V2 G Direction Velocity Pf,ed "'Jic 

--
'O • ., I I I ,,o., 5 114.00 )8400 0 + 8.88 -l-85° It 15 10.20 4.84 
~~.:! 8 106.71 10300 +o.0360 I - 16.(X) +800 H, 18 I 2().50 7 . .?4 "°~ ce 9 lW.91 12500 --0.0000 :j:10.;v 85° R 17 23.()() 7.19 a~i~ lO 104.48 17000 -0.0500 16.03 -80° R 17 19 .65 6.71 "0Wlh>, 11 103.98 20000 -0.0500 + 20.:io +75° R 19 15.00 6.22 !l. c.., .. e-s 12 104.0t 11)-200 -0.0400 117.80 - 00° lt 18 16.~0 5 94 
_::oc 

1 
13 104. 12 18a00 --0.0400 lG.00 

I 
~. &•,o R 2u 17.50 5.97 

0 ~., 14 104.67 14850 - 0.0675 15.28 t 00° R 17 20.68 7 . :!3 Oo,8 
--

' 

I 
!'; 4 ll6.50- ll6.00 2640 14700 

I 
13. IO 13.10 :j: 4.81 oo·n 

I 
13 13. 10 4 .73 

"' 5 114. 71-114.21 2640 18600 10.30 10.30 7 .IJ-2 t85° R 15 I0 .30 5.30 0., ~:, 7 110 .88- 110.38 2"...10 2'JOOO 8.50 8 .50 t20.70 80° R 15 8.50 5. 10 

"'" 8 108.95- 108.56 2104 97(1() 2:1.86 21.43 3 .38 

I 
90° R Ii i2.80 6.6-1 

"""' 0 107.21-106. 71 2644 11250 23.60 26 .43 - 18.15 t80° R 18 25.05 8.18 
g~g 10 106. 71-100.21 2616 10550 26.43 28.().; - 14.30 80° R 18 27.00 7 .78 
·:; . d II 105.47- 105.17 15$4 1os;;o 27.27 25.10 + 8.00 85° R 25 :!6.30 6.78 
O"' ._ 12 105.17- 104,87 1580 12050 25 10 22 .60 I ! 9 01 + s:,• R 17 2H .90 7.18 " • " 13 104 .87- 104 .57 1584 J,1450 2-J,60 19.65 15 30 + 85° R 17 21.20 6 .07 U'J~> 

"'< 17 103.81- 103.64 020 25650 11.86 9.28 21).30 11.20 4.48 s~ 18 103.6'1- 103.50 716 28150 9.28 7.24 ;..>8. 75 8 .,2 4.92 
2_g 19 103. 50-!03 .40 5-16 30000 7.2-1 5 .-16 

I l:11 .00 6 .00 4.17 
o"' 20 )03.40-103.32 39t 31850 5 .46 3.82 34 .20 4.80 3.93 
0 21 103.32- 103 .27 292 33200 3.82 2.59 32.9o 3.56 4.21 

' 
• For complete table beadina- sec T»ble 36. p, 91l. 
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TABLE 44 TEST No. S-1021 

F rom Cha.mpaig n to Gilman, ,July 2, 1908. Weather: I ntermittent rain. '£emperat ure : 64° l!'. at start , 80° F . 
a t end of test,. Total weight behind measuring d rawbar = 2185 ton.;, includ ing the test car. Tra.in length= 
1110 ft. Center of ma-Ss 800 ft. back of measuring- drawbar. 46 cars: 3 empty, 43 loaded. Kind of cars : 8 box. 
35 gondola , 1 flat, 1 test, 1 caboose. A ,·erage weight per car = 41.44 tons. 

2 
I 

3 
I 

i I 5 6 
I 

.. 
o,g - :, gs-c 

0 Location Oo d~~ -~.o g 
'O.., z on Road .c O.., I;! ,.. Q o!! ~-;;: Q) .. ,. " \-Q)Q.) 

.c = 8 tat Q 11) o,c ::, ~ p. .n .., <) 

8 I 
c.,- 8..- 0 .,., .. .,_ 

Milepost No. j<ll do. -:>~o ~a .... ... <= Q. Q 8 

p I .I I 
'O ' ., I co., 7 110.51 25900 0 C'S~= 

JO 105.91 6900 0 
~~~ci 11 10.~.00 29700 -0.005• o -o> 12 101.91 81(Y) 0 --~.c > 

13 100.57 14400 0 OUJoo,,-

o., s~j 14 99.49 5300 0 
:,oC 18 97.10 3750 + o .o.ic'IJ 
_.,o, 17 86.03 10000 0 
,3<»6 ' I 
,e • 
"i, 1 85.40-- 86.30 2-130 9900 ,:,:;.. 

r< ~ 2 87 .85- 88.45 3215 6000 
Q co~ = 3 89.81- 00 .56 39:,5 4500 0 - :::-

4 115.50-116.17 3'l80 12800 -- ~ 0 ~ 
()c,).c:> 5 117.10-117.93 4440 1 I tl5ll 
Q) ~ q'J a) 

' 106.11-105.51 3220 9~00 
<lls~~ 8 98. 88-98. 29 3080 !)();j() 

Zo 0 97.61-96. 72 4720 4200 0 .. 
Oo, 

7 I 8 9 

Speeds 
I " ~c.::: 

Q) 8 Q,)::, ~ E 
<.> C 

.t g.c f o~ Cl O • ~-~-= 
4J.::i..: -~·g~ i 

::; s:;l. 
C(.)-

-i ' .; -,Ul • 
I ~ 08 r,i<ll 8 

~.., < I 

v, I r-i I r; r 
+ 19.72 
- 9 . 16 
+ 21.2'J 
- 6.54 
+ 4 .11 
- 9.56 
- 22 .~) 
- 1.32 

22.30 z-2 .:30 - 1.09 
27.JO 21 .10 - 6.91 
31.25 31.25 - 9 .22 
19.00 19.00 + 1.98 
20.20 20.20 I 0.21 
33.40 a2.s:; - 4 09 
2'J. 00 2-1 .7'0 + 7.55 
31.90 3,1 25 - 17.00 

~ __ I_ 11 

., 
C: C 

.§-~ 
K ~ 
O<> ..... 
"-'­
"'Cl 
< 

Wind 

s 
~~.c ·- ~. 
"o"-
2V~ g;,. -
< 

r 
I -50•n 9 

oo•n 13 
-5.-jOR 5 

oo•n 17 
-70°R 1~ 
- s;;•n 

I 
II 

- R.;0 R I(\ 
-i0°R 22 

-70C)H 22 
-75°1{ 15 
-80°R 1;; 
- 60°R 12 
- 60°R 12 

90°R rn 
+ 10•R 10 
+ 85°H 10 

12 

'O .c 
; :i 
,ii s 

I' 

9.50 
34.00 
8.20 

28.10 
14 50 
:!S. 00 
:\I , fl() 
·)2_3() 

22.25 
27.00 
31 .2;; 
18 00 
20.30 
33.75 
23. liO 
33.87 

13 

" "., 0 
..... t) ~ 

~c~ 

~-~; 
Q) "'"' Z Q) <: 

c:= 
0 

"" 
R 

4.37 
6.63 
3.81 
6.16 
5.00 
~-08 
6.46 
5.06 

4. 9-1 
5.6,i 
5 54 
a. I I 
5.22 
6.3.1 
5.()t; 
6.09 

Ul 
0 
:i:: 
~ ... 
tl 
r-3 

I 
',j 
::0 
t:tJ 
Q 
:i:: 
r-3 

r-3 
::0 
> z 
::0 
t%J 
Ul 
m 
r-3 
> 
'.7-
0 
t%J 

,-.. ,-.. ..... 



112 ILLINOIS ENGINEERING EXPERIMENT STATION 

l I I I I T , TT T I, 

- 14 
I I I. I TT T • I I I 

l TEST NO. S-1027. 

z l 
AVll!!:~AGe: W&IOl-:IT PER CAR· 47.44 TO~S 

0 12 I-
a: l 
Iii l 
Q. 

ui-10 I 
m l J 

i l 
0 8 z 
< T ~..:: I-
U) l lO..,. '":-'-
iii ,. ... . 7 _ .... 16 
~'-6 

13 I... L....~ 4 L.... ~ L.... 7 
~. 1..---: i.. • z '· - .... . 

< l 0 " ? I a: - ~ 

I- 4 0 

T II 

L....FF A 1-1... 8 1...r+1z + c..-
16 20 24 

I...L.... 28 '- '- ::i;z. 1-1- 36 .... '- I-3PEEO--M ,P ,H;· 

F IG. 27 

I I I I I I I I I I I I 

~ 14 I I l I I I I I I I I I 

I TEST NO. S-1030-A. 
z I 

AVERAGE WEIGHT PER CAR 59.80 TONS 

~ 12 

a: I Id 
a. l 
<Ii m 10 
J I 

i l 

zQ 
< 
~ 7 
iii I 
Ill 

6 a: 
z 7 1.-L.... I... . • ~ I 4 IC 

· -
' - ..... - -• I- ,. • ' A 

' 
7 ~ .,~ 

1.-/-+ 4 '--'-" ~ L.... '- 12 '- I-
16 20 24 
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TABLE 45 'rEsT No. s-1osoA 
From :Effingham to Mattoon, July 8, 1908. Wea.t,her: Fair. 'l'empera.ture: 60° F. at, start, 68° F. at end of the test. 

Total weight behind measuring dra.wbar = 2036 tons, including the test car. Train length = 1380 ft. Center 
or mass 690 ft. back of measuring drawbar. 34 c:i.rs: 2 empty, 32 loaded . Kind of cars: 32 gondola, 1 test, 
1 caboose. Average we ight per car = 59.88 tons. 

I I I I I I I 

' 
I I I I I 2 3 4 5 6 7 8 9 10 11 12 13 

... Soeeds 
I 

Wind -I " ::, "::, 
., 

" .,£ -c - OO'C 0, A:= 
Oo ~ Location oc A,"' ~:g " 

I 

8 a>D ~ 8 " 
I 

8 -c.ci •;g~ 
-c·~ on Road ~.g~ i ;"8 <> C 8 C • ~ 0~ cl Q cC;... . <I) . ~~~ 0"' .E g~ "o . 

-~-~ =-~"' I "'Q. .o- s t:tio Q.l O.o::, f•;:;.Q '"'0-" .., ::: ".,_ 8~g_ 

I 
:\ 1~ 

p. . G>'i-g •><> s <),Jj 
c,,,,_. ~ ~ p. .::·~ ii "" ·xg::i. <llB 

Milepost No. ""., 

I I 
~;; ,.. ,.::i 

~:;:<> I ""(/) . .:i~s 0 <1> [~e Z~:, 
A ~ 

...... 
0 ..,gB p.·- g 8 < Q.0 p. 

< < < 

I I 

p I A I n I I·, I G I I I I' I H 

.ng:! I~ 
I 

C~~o~Z 3 190.35 13200 -0,0000 + 23.40 + 50°R 8 20.80 4 .04 
oB'g~s~ 4 193.16 9050 -0, )350 + :12.10 +5-5°R 9 26.0:{ 4.00 
Q.i3 d:t) O >, 5 193.61 I 11000 + o. 1aoo -32.40 +oo•R .5 2-5,80 4, 77 

0 . -:a ... 
u-t0 g 

£ 
174.50--113.88 3280 t20°l{ "'., I 160 26.20 30.00 - 22.70 6 2$.00 4.23 .. 2 J 75 .00--174 .50 2600 5620 20.7) 26.20 -22.70 20°R 6 23.60 4.57 

'O"' 
"'" 3 176 97-176.70 3500 30050 6.51 6.00 + 31 ·"° +20°R :{ 6. 12 2 ,01 

~ ~:~ 4 177.58- 176.07 3212 306.'i() 10.2:l 6.51 + 31 50 20°R :l 7.-14 4.39 
-~«>< ~ 5 178 .00--176. 70 8056 28800 16. 15 6.1l0 + 31.50 120°R 3 7,65 3.87 
~ -::d 6 181.50-180.37 ~14~ 12050 23.92 26. 10 0 50°R 7 25.20 4 ,46 
(./}'""o> 7 100.01-18\J.36 3152 12000 19,:?() 20.05 + fi . 10 ;;.5• 1i 9 19.00 3.29 

o<.O 8 191. 7'2-191 .44 1;;16 15000 17.18 10.14 0 i55°R 8 JS.30 4.25 
8"' 9 193.16-19"2. '71 2300 11550 26.0:l 17,58 +s~.10 00°R ~ 21.50 4.20 
""' 0- 10 196.19-195.81 2140 14900 17,:10 17.18 + 7.'70 G5"R 6 17.20 4.39 
Q 

Ul 
0 
:I: 
~ .... 
lj 
r-3 
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~ 
H 

Q 
~ 
l-3 
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TABLE 46 T ES'!' No. S-1030B* 

From Mattoon to Champaign, July 8, 1908. Weather: Fiiir. Temperature : 68° F. at start, 72° F. aL end of test. 
Total weight behind measuring dra.wbar = 23~2 tons, includ ing the test car. T rain length= 1650 ft. Center 
of mass 900 ft. back ot measuring drawl>ar. -H cars : 3 empty, 38 loaded. Kind of cars: 6 box, 33 gondola, l test, 
1 caboose. Average weight per car = 57 .12 tons. 

-, 2 1 3 -, . 4 

Method Fl Mile Post I Section r 
Leni:Lh 

"' 3 167.46 
-g O ~ 5 165.52 
~~--' 6 161.45 

~fl.i~~ 9 159.74 
-~ ~_g>. JO 157.80 
o::a(/}!; II 157.75 

s~c 12 157.57 

"oo 13 158.06 
8~s J.I 157.91 

21 164.15 

.., 

I 
I 166.62-167.06 2315 - ,,, 2 161.45- 164.95 3 164 

0<> 
~" 3 158. 72- 159.25 2815 
c,,- 4 155.44- 154 .Al 3300 " "'> I 5 152.25- 152.88 8270 

-~~: 6 H 9 .04- 148 .20 4300 
~,,, .. I 7 143 .32-143.92 3150 
<) ,.. R 140. 49-141. 23 3912 
~~~~ 9 132.65- 131 .68 508-l 

l!l< 10 145.00-144 .48 3008 
E ;. II 

I 

158 06-157 ,80 1100 
"0 12 157.80--157.57 12()(1 -,:. rn 162.33- 161.87 2416 o,, 
{) 14 149.65- 148.97 3280 

I 
• Por compleLe ltlble he,idini: ~cc '£able 36. p. ll3. 

5 

Pull 
p 

72'.XI 
6W(/ 
806() 

13000 
18100 
17000 
16200 
23600 
21500 

7200 

8000 
735() 

2300 
7:.50 

14200 
11800 
14000 
111)5() 
8500 

16900 
208o0 
17i,OO 
8TilO 

124(1() 

' 
I 

I 

I 

6 

Ac·rel. 
.ti 

ll 
0 
() 

0 
+o.0356 
+o.03:,0 
+o.0356 
I-O.Ot57 

+o.0457 
+o.0700 

Speed 
V1 

25.80 
27.40 
17.30 
27. 10 
17.50 
21.40 
16 .30 
10.63 
26.75 
12.48 
8 46 

12.55 
;!3. 70 
21.53 

' 

8 

Speed 
ni 

:1J.80 
27 .(X) 
17.30 
28.90 
11 .r,o 
23.00 
16.30 
19.25 
25.26 
13.83 
lt.55 
14.58 
24 ,40 
21.;l/J 

----

Grade 
G 

- I .92 
-3 .20 
- 2 -88 

t5 .12 
5 . 12 
1 .12 

- 0 .54 

+5 .60 
2 .56 

-21. 1() 

- 2 .12 
0 .81 

- 7.82 
-8.96 
-l-6 . 14 
- 0.C,6 

:j:5.48 
3.7j 
0 

+ 1.65 

~
.40 
.66 

- 4.36 
+4.20 

' 

I 
I 

JO I 11 I 
Direction I Velocity I 

·I 20°n 12 
+ 20• R 7 

t2.,•R 6 
25°R G 
35° lt 6 

t65°R 3 
30°R 5 
:io•n 9 

+20'R 1:? 
+ 6.'i' n 4 
~ 20°R. 12 

I 

-l 65°U 3 

t2;;0 n 6 
20•){ 9 

12 

Speed 
I' 

26.00 
28 .90 
28.40 
15.2.'; 
12.30 
13.00 
14 .20 I 
8.:-l() 

10.10 I 
28.50 

;J;;.50 
27. 15 
16.90 
28. 10 
17.00 
22. 20 
16.00 
19.75 
20.05 
13.10 
10.00 
)3.70 
23.50 
21.30 

13 

Hesist­
aacc 

R 

3.80 
3.97 
4 . 5.~ 
4 .oo 
4.23 
3.50 
~.93 
:l .7Ll 
:1.00 
,1.48 

' -),) 

3.9:l 
4.02 
4.52 
3.7::~ 
1.18 
3.91 
3.89 
4.68 
3.115 
3.41 
4 08 
3.59 
3.87 

,... ,... 
"'" 

.... 
t-< 
t-< .... z 
0 .... 
Ul 

t"l z 
8 
z 
M 
t?'l 
~ 
z 
C} 

M 
~ 
1l 
M 
:::, 
H 

~ 
['; 
'% 
>-:l 

Ul 
>-:l 
> 
>-:l .... 
0 
z 
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z I AV~RAGE W EIGHT P ER C A R 20.72 TONS 0 
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TABLE 47 T EST No. S-1031* 

1•'rom 0ha.mpa.lgn to Dorans, July 22, 1908. Weather: Fa.ir. Temperature: 70° F. aL start, 82° F. at end of test. 
'.rota.I weight behind measuring drawbar = 741 tons, eirnluding the test car. '.rrain length = 1-1-25 ft. Center 
of mass 1000 .ft. back of measuring drawbar. 3(i cars: :;o empty, 6 loaded. Kind of cars: 33 box, I gondola, 1 flat, 
1 caboose. Average weight per car = 20. 72 tons. 

2 3 I· 4 I 5 I 

Method I !tern I Mile Post 
I 

Section I Pull 

I Length j {' 

ce> a r/) 4 142.06 4700 
~~~~~ 6 147. 10 2000 
c~god 10 159.81 4:lOO 
·ss"';;;:;,. 13 163.09 4400 
'1,i:J-o~~ 19 166.83 7000 

.-. COS.. 20 lol.40 12-100 8~~, 21 lol.75 9650 

I I 
3 139.57- 140 36 • 4180 4350 ., 4 143.90- 144 .25 4400 3900 _., 
5 146.68-147 .51 4405 2500 o"' •.:? 6 151.0f- 152.77 4300 4950 

"'" 7 155. 70-156.45 4016 7100 
-o:> 12 H0.00- 149.53 2760 4650 

g ~cu 14 l 53. 88- 154. 74 4568 4380 
·- .'!le 15 Hl0.31- 160.78 2-168 4450 
""'" ~.6 ~ 18 147.51- HS.35 4412 :l900 
C/l,;r,d~ 19 153.20-1,,1.87 8528 4470 

c-,: 20 164.40- 16-l.74 1812 11800 
§,: 21 164 . 74- 155.50 3080 7700 
-o 22 159.63- 159.16 2-164 5500 
0.C 23 157.40- 158.36 5004 5450 Q<ll 

24 146.17-146.68 2652 3000 
25 161 .24- 161 .62 2014 4100 

I 
• For complete table heading see Table 36, p. 99. 

6 

Acee!. 
A 

--0.0:l04 
0 
() 

0 
() 

to.02;;; 
.05.'iO 

Speed ,., 

8 

Speed 
I'=.! 

---,--

26.70 26.70 
29.75 29.75 
33.90 33.90 
26 .60 26.60 
22.00 22.00 
28.36 27. 77 
27.61 25.62 
25.9.5 !8. 9-1 
83 53 31. 36 
28.30 28.30 
15.00 )8.00 
18.00 22. 75 
24.80 23. 65 
22.00 23.85 
31.90 33.50 
3(). r,c 30.50 

-

9 

Grade 
(/ 

- 1.50 
- 13,84 
- 3.01 
- 1.89 

tl0.20 
21.80 
1.50 

- 4.13 
- 6.8 1 
- 13.65 

t 0. 18 
0 .60 

-0,77 
+ 2.14 
- 16. 15 
- 5.01 
- 2.25 
+ 13.70 
-!- 0 .40 

t 7.30 
0.01 

- 19.90 
- 6 .81 

10 1 11 I 
Direction I Velocity I 

--
+ oo 5 

t oo 7 oo 6 + oo 7 
.L oo 2 
+ ,oor, 4 
-H0°L 4 

+ oo 5 oo 5 
+ o• 7 

t oo 4 
oo 4 + oo 7 

t oo 5 oo 7 
+ oo 7 

! 
0° 5 oo I 
oo I oo 5 oo 5 oo 7 + oo 6 

12 

Speed 
I' 

26.00 
34.50 
26.00 
27.50 
21. 75 
15.00 
18.50 

26.70 
30.10 
34.20 
26.60 
22.00 
28.50 
27.10 
28.00 
32.i0 
28.30 
15.40 
20.9() 
24.00 
22.30 
32.90 
30.50 

13 

Resis t­
ance 

R 

7 .25 
8.73 
6 .76 
0 . (;0 
G 70 
5.08 
6 .95 

7.40 
7.7d 
8.53 
6 .56 
6.01 
7.36 
6. 72 
7 .24 
8.07 
6 .85 
6.69 
6.65 
6.22 
G. 11 
8 .74 
8 .09 

..... ..... 
0) 

.... 
t" 
t" .... z 
0 .... 
Ul 

l"J 
z 
C) .... z 
l"J 
l"J 
~ 

~ 
Q 

l"J 
~ 
"C 
trJ 
~ 

~ 
l"J z 
f-:3 

Ul 
f-:3 
~ 
f-:3 .... 
0 z 



TABLE 48 TEs·r No. S-1033* 

From Champaign to Gilman, Sept. 26, l!l08. Weather : Fair. Temperature: 66° F. at start , 82° F. at end of test. 
Total weiirht behind measuring drawba.r = 2215 tons. including t ile test car. Train length= 1710 ft. Center 
of mass 850 ft. back of measuring dra.wbar. H cars: 2 empty, 42 loaded. Kind of cars: 42 gondola, 1 test, 
1 caboose. Average weight per car = 51.10 tons. 

:liethod Item 

ci ~ '.I) 
9 

~~;a.a 10 
12 

C~...:,Od 13 ·os"':a:> 17 
~ .=?'8::: ;:i 18 
8~~~ 20 

I 2 1 

2 

"' 
3 

g~ 4 
5 

"'" 6 
s:,> 7 

Cid~ 8 
O ~ bl 9 
·~~~ 10 
"'"' > 11 
er. ;g<: 12 =~ 13 I :,o H - .c 15 0., 

0 10 
17 I 

.,rne Post 

I I I.OS 
110 .72 
101. 1,l 
98, 18 
\1-1.f,1 
90.42 
S.'i.88 
!!3.40 

118.27 117.19 
l 11.30-110.00 
1(».91- 103.91 
101.66-100.97 
98.19- 97.14 
Ol.07- 93.2-1 
96.25- 95.58 
9().~0- 90.00 
89.24- 88.76 
83.80- 83.40 

116.00- 11.'Ulll 
111.67-114 .27 
IO~ .IJl- 103 .41 
91. 1 l- 96.2:\ 
H:\. 8(}-- S:-l. 05 
88.77 - 88.00 

4 

I I 

Section I 
Length 

56.'l8 
3681 
5200 
3660 
5512 
4-40(1 
3550 
3192 
25(H 
2096 
3400 
21l18 
200J 
4100 
:l930 
4076 

Pull 
p 

200:;o 
:.?5150 
23000 

00(10 
2:00 
,l&i(l 
61,,0 
U,900 

11300 
25900 
21000 
12400 
5000 
3.200 
3200 
4150 
4950 
6800 

11800 
11800 
29900 

<l.~XI 
29'.kl 
5200 

• For complete table head in~. see Table ao. p. 99. 

AcceJ. 
A 

I 

(! 

0 
t) 

+u. 1008 
u 
(I 

(I 

0 

- -

I 

7 

Speed v, 

23.60 
8.98 

J 1.21 
22.85 
29.20 
40.00 
37.Sa 
38.95 
38.30 
31 .2.; 
~3.00 
10.5(\ 
ltl.72 
:17.50 
:i:.?.05 
37. 53 

I 

8 

Speed 
n 

24.1() 
8 .98 

11.21 
18.75 
37.25 
40.00 
42.10 
39.8,, 
37.10 
31 . 58 
:!·?. Ill 
l~.85 
5.81 

38,0\I 
31. 10 
37,05 

I 

I 

9 

Grade 
G 

f-20.20 

t:u~ 
31 !\O 

- 9.88 
10 .49 

- 4.02 
- :l.10 

+ o.;JS 
+20.20 

t \6.30 
10.06 

-25.87 
- 9.2{ 
- 28.80 
- 10.43 

1.90 
- 5.01 
+ 3 .99 

t 8 .55 
29 .• ~) 
10.Sd 
5.7~ 

- .='i.l'! 

10 II 12 13 

I 
I 

s I Resist-
Direction Velocity • P?cl __:_~:_ 

+o· .:r.. 8. 15 I 3. 7\) 
+ o• j 9.i5 3 ,68 
rs0 H, 12.00 4.07 

t
' .'j• f, 12 29.35 4.20 

5° R 12 40.00 4.93 
5° L 17 39. •10 5.67 

+o• 16 31. 75 4.35 
+ .5° L I.) :11. 75 ·l.28 

+ 15• H 2, .:!5 4 ,5-;' 

£ o• .'i 8.98 3, 72 
5° R I 1.21 4.37 

10° R 15 20. -;g 1.5() 
+ 5• J, 14 3'1.17 5.3:{ 

t 5° R 12 4().00 4.91 
5° L I 22 40. 40 5,,8 
5° L 17 39.08 •1.38 

t 5° L iO 37.\)1 4. 77 
,~o R H :JI. -;.j 4. 19 
r,• R I ' 

.i:J.c'O 4.2:\ 

-1: 
5° R ' 19 c"l 4 .07 
5° R 6 .:13 -1.:lO 

I- 5• [; ·>·> :\7.70 j,40 

+ o• 1.; 

I 

:11 . 50 ·I , ;).!{ 

+ 5° L I 
17 37 .:10 4 .H4 

U) 
0 
:i:: 
~ 

5 
>-3 

I 
"'j 
;:o 
t"1 
Q 
::c 
'-3 

1-'l 
:;i 
> ..... z 
::0 
t"1 
U) 

ui 
1-'l 
> z 
0 
t"1 

.... ...... 
--J 
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TABLE 49 TEST ~o. S-1034 

From"Champaign to Mattoon, October ;J, 1908. Weather: Fair. Temperature: 42° F. at start, 60° F. at end of test. 
Total weight behind measuring drawbar = 1259 Lons, excluding the test car. Train length= 3015 ft. Center 
of mass HiOO ft. back of measuring drawbar. 76 cars: 76 empty, 0 loaded. Kind of cars: 75 gondola, l caboose. 
Average weight per car =16.56 tons. 

4 5 6 8 9 10 II 12 13 

' ' ' ' ' 

I 
.. Speeds Wind 

" ggio C) 0 -" Oc " Q. s:i:;:: C .,.., 
o.~ 0 Location '1,., -~.Q g 

" s .,D s:S " " tr::.O -~~~ " .. z OD Road ~-3~ Ge M'C "" ~g .. t~;g_ "'"" 0 ~ ~~ ~~- " • 0 ~ ~Eg .. .,., Co· ... ,, . 
~": a "'"., ~ Q. tl) f ·g.c: -o-" E-- E.:! ..c: ~-~~ ,,::,:, ... 0. ·- .., .. " 

I 
,,., .... 

8~& Q) I'll~ 
.,_. " .. ~~ 

· - 0 • 1/)8 .,_ 3 JI-Jilepost No. 
c,(f) 

" "" 
g Q) p. -~~~ 

I 
"o"' z~g ~d ... ~ <==°' r,i<lls + I~ 2a>,..; 

A [,)(/le gE fi,> i:: a ..,£ < 0, 

< -< -< 

p A )'J n (i V R 

' 
I ' ' ' ' ' ' ' 

0)</) 

I I 
~" 143.80 - 9.6-1 -55°L 16.50 £ .El 5 10000 0 5 11.59 .. 6 146.89 7llO() 0 -Jo.I}! - SO•L 5 2().!\() 12.25 
°';.> 7 149 .30 118()() 0 - 0 .84 - 55°J, •I 14 .70 9 .70 s:i,.., 

8 153.44 1030') 0 - 5 .25 - 80°L 2 16.10 10.17 c .. ., "' .. 9 156.2-2 16440 0 + 9.52 - 30°L I 3 IU.2:, 9.45 
C ·"' -<OC 10 159.72 14400 0 + 5.52 +ss•r. I 12 .2.; 9 ,3,; 

~.,.;a II 161.03 9150 0 - 12.20 - O' I 18.25 IU9 
., 0 12 165.81 13000 0 + 1.40 50° 1. 5 14.50 9.'i'J 
";;! 13 166.80 15550 0 -I 0.81 ;.:,oL :l 12.25 8.62 
a> 14 lf,8.45 17000 0 +15.75 - 60°L ·I 7.00 8.(Xl :, ~ 

15 167 .93 12500 0 3.41 I 00°L 5 11.80 8.6.'> -o I 0,.e o .. --
c~:Z~~ 3 142.97- 143.80 4373 10700 15.60 

I 
10.50 - 9.48 -55°L :; Ju.:~ l I 1.4,:; 

-~:s<~ 4 146.40- 147 .M 6027 7800 21.00 21.00 16.12 - 80° L ~ 21. 11) 12.31 

0 9,,,_ ;.> 5 154.78- 155.70 4878 t (l()Ol) 11.2;; 11.2.; + 7.96 - 15° 1. 5 I I. 2i 9.69 

J}_::-c, g t 6 100.77- 161.53 4058 91()() 17 .50 

I 
17.~~) - 9.37 +ss•L 4 18.H 

I 
10.78 

0 C.C CZ 
7 168 .22- 168.74 2744 18000 7 .25 7.90 + 15.57 - 60°L 4 7.80 8.12 

Od<1> 

U) 
0 
a: s:: ,.... 
t:, 
>--3 

I 
':<j 
~ 

~ 
0 
~ 
>--3 

8 
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TABLliJ 50 TEs'r No. s - 1036* 

From Champaign to Gilman, October 10, 1908. Weather: JJ--,a.lr. Temperature: 40° F. at start, 62° F. at end of test. 
Total weight behind measuring dra.wbar ,.._ 1961 tons, including the test car. Train lengt,h = 2010 ft. Center 
of mass 966 ft. back of measuring d raw bar. 52 cars: 8 empty, 44 loaded. Kind of cars: 36 box, 13 gondola, 1 flat, 
1 test, 1 caboose. Average weight per car = 37.72 tons. 

2 

Method Item I 
6 "'. 7 -"' ., 
8 o::, 

;~ 9 
10 

~~ 11 
~d c,e 12 
" -~ 13 
--(0 0 14 
~.,;9 15 

.,o 16 

B~ 19 

"'" 
21 

-o 23 O,: 
Ou, 26 

"' - ., 
3 Os, .. ,, 4 

°'" 5 -o;,. 6 
C ~ IV 7 0 .. 

~a:) f 
8 

., . ., g 
<fl"'> 10 

.,..; I I 

8" 12 
:,0 13 _.c 14 o"' 
0 

a 

Mile Post 

111.0.1 
103.06 
95.32 
93.75 
92.16 
00.0-2 
86 .10 
83.51 
81.38 

104. 14 
103.67 
111.20 
117.18 
111.26 
103.6:l 

118.27- 117.73 
117 .73-117.18 
11 1.20- 110.68 
101.46-101 .01 
96.30- 95. 71 
91. 14- 93.10 
ll0.51 - 90.02 
89. 18- 88. 72 
83.72- 82.00 
81.19- 81.6-1 

104 .61- 103.13 
109.85-109. IO 

~ 

I 

Section I 
Length 

I 

2888 
2904 
2768 
2372 
3100 
392-1 
2572 
2412 
3856 
:!"348 
:1881 
3972 

Pull 
p 

243.50 
30450 

3300 
3200 
1800 
5500 
8750 
7400 
5800 

14800 
2(/150 
23900 
11800 
15100 
23450 

11850 
11750 
23900 
17350 
4600 
3300 
5850 
620(1 
72:\0 
620() 

147(10 
116(~1 

* Fo1· complete table heading see Table 36. J). 00. 

I 

6 

Acee!. 
.A 

0 
0 
0 
0 
0 
0 
0 
0 
0 

-0.0440 
--0.0620 
-0.0200 

0 
-0.0070 
--0.0-140 

I 

I 

7 

Speed 
n 

16. 41 
16.50 
9.44 

14.45 
30.40 
30.95 
28.80 
27.75 
24.5() 
22.86 
21.63 
15.17 

I 

8 

Speed 
V2 

16.41 
16.50 
9 .44 

12.82 
31.50 
31.25 
29.50 
26.95 
25.75 
22.86 
14.85 
23.9\/ 

' 
I 

I 

I 

I 

9 

Grade 
0 

+ 20.~o 
l-30 . 10 

- 17 .60 
- 11.55 
-I 1.80 
- 8.00 

0.:,0 
•. 4. 70 
- 5.00 
+ 16.03 
+28.00 
+ 24.116 

t 0 .79 
s.oa 

+ 29 16 

+o.,s 

t 0.36 
18.70 

+ 12.91 
- 28.45 
- 11.70 
- 9.06 
- 1.97 

5.89 
- 4 .12 
+ 11.00 
- 17.22 

I 

I 

I 
I 
I 
I 

10 I II I 
Direction I Velocity I 
- 15°R 5 I - 45° R a 
+10°1{ 11 

+75°1{ 8 

I 
so·a 7 

+ r,:;•a 7 
+ 25°R 3 
+ 1s 0 R 5 
+as0 R 4 
--t15•R 5 
- 40°R 9 
- 15°R 4 
-50°n 4 
- 00°11 5 

I - 35°R 10 

-50°R 4 
-50°R 4 
-l5° R 4 
-75°R 5 
+so•rt 8 
+,&0 lt 7 
+10°1t 6 
+6,0 R 5 
+ 25°lt 6 
+3, 0 R 4 
+ 6i,• rt 5 
-f-70° R I 

12 

Speed 
V 

g_ 14 
5. 73 

36.65 
31 50 
29.15 
29.50 
21 .60 
24.75 
22.50 
18. 14 
12 .00 
9 .90 

16.23 
12.54 
10.90 

16.H 
16.50 
9.44 

13.48 
32.50 
31.48 
29.25 
27.42 
25.03 
22 .86 
18.25 
19.:'lO 

13 

Resist­
ance 

ll 

4.71 
4 .12 
8.35 
6 .01 
5.39 
6. 17 
4 65 
5.55 
4 .s;; 
5.65 
5 . 20 
5.19 
0.32 
-1.99 
5.07 

5.98 
5.86 
5.09 
5.26 
7 .19 
5.78 
5 .64 
5 . 18 
1.!lO 
4.9., 
.;,30 
6.47 

.... 
ts!) 
0 

.... 
t' 
r< z 
0 .... 
[/) 

t=l z 
Q .... 
z 
!,:j 
t"J 
;:: 
z 
Q 

t:::I 
:>< 
'U 
t:::I 
~ 

i 
t=l z 
1-:3 
[/) 
1-:3 
> 
1-:3 .... 
0 z 



SCHMIDT- FREIGHT TRAIN RESISTANCE 121 

I I I I I I I I I I I I I 
- 14 I I I I I I I I I I I 

I TEST NO. S - 1036. 
z I AVERAGE W EIGHT PER CAR 37,72 TONS 0 
I- 12 
0: 
Ill I 
0. I 
ui 10 m 
.J 
I I 
Ill I 6 0 z 8 

V 

<( 
17 ,, 

I- I II) • iii I " 
14 _,, 

Ill : •' 
1~1- 9 

0: 6 
z ~ .. _,. ~- i-- 4 .....; i'1 , " -.: . 
<i I J • · - 8 

I - - ) .:-: l nlU 1·2 
10 

0: IO 
I- r 6 

12 " 
11 

4 7 

I 

-+ 4 -- 8 -- 12 -•- 16 20 24 -- 28 -,.... -:32 ,-- 3,6 -~-SPEED- M .P .H . 

FIG. 33 

I I I I I I I I I I I I I I I 

- 14 1 I I I I I I I I I I I I I 

' I TEST NO. S-1038. 
z I AVERAGE WEtGHT PEA CAA: 52.28 T ONS 
0 
I- It I 
0: I I Ill 
0. I 
r/, 
m 10 
.J I I 
Ill I 
0 
z 8 
<( 09 
I- I II) 

iii I 
Ill 6 II .. 
0: ., 0 ,,, 0 z I I 10 -- 10 

'""" , .. I• 
<( I I 9': IO -i- ,, 
0: 3 9 
I- 4 ui.- _,.... , ' 17 10 IZ '" • 19 , 

16 , 6 
161 7 

I -- - 19 , .. " 16 I I -·-
-H- 4 -,- 8 - - 12 ~- 16 20 lll 

SPEEo½-M.P.H. -- 28 -- 32 ,...._ 36 ---
Fro. 34 



'l'A BLE 51 TES'!' No. S-1038* 

From Champaign to Gilman, October 15, 1908. Weather: Fair. Temperature: 58° F. at start, 72° F . at end of test. 
Total weight behind measuring drawbar = 214'1 tons, including tile test car. 'rrain length= 1650 ft. Ctinter 
of mass !:i25 ft. back of measuring drawbar. 41 cars : 3 empty, :lS loaded. Kind of cars: 7 box, 32 gondola, 1 test, 
1 caboose. Average weight per car = 52.28 tons. 

I 2 I 
ll:letbod 1 I tem I ll:lilc Post 

I 

Section I 
Length 

' 
;: 5 117.32 
0 6 115.84 .c .,, 7 ll3.84 
... "' 0 106.00 _., 

lO 1()().5'1 
o::i J I 99.29 ~-;; 
c,,:,. 12 03.18 

-~-g ~ 
14 89.65 
15 88.74 

0"'" 16 87,71 ll-4 ...... 17 87.0-1 <O C ., 1~ 8(l,42 
.,;9 19 97.86 

~~ 21 97.54 
22 97.76 s 23 98.00 ::, 

0 2-1 103,05 
Q 2;, 105.90 

"' 3 117 ,00--J 1$. 18 5935 -., 
O"' 5 88. 74- 89.55 4200 
~::, 6 85.8!- 80.36 2768 
0)-;; 9 98.24- 97.76 2544 s::>> 

'"' 0) 
10 99,29- 98.00 2080 

-3 ~~ 12 103.44- 103.05 2050 

""' ,_ 13 105,18- 1().1.58 3168 
"' • 0) 14 ]()6,26- 105.48 4120 

{/J I!);.. 
15 II I. 10- 110.0.~ 2.~I .,< 

c> lo I 10.24- 100.82 2236 
So 17 114,74-- 114,24 2008 
:,,c 18 111, 10- 1 I0.24 4536 ·o~ 19 110.65- 110.2,; 2 152 c., 

• For complete table head log see Table 36, p. 99. 

Pull 
p 

9800 
10400 
14350 
5500 

13200 
8100 
8300 

10-ioo 
10100 
I){)()() 
8100 

10750 
6800 
3350 
62()() 
9050 

22800 
5500 

10000 
10250 
10200 
7100 
8100 

19200 
68.50 
6050 

20150 
17000 
13700 
20650 
21400 

I 

6 

Acee!. 
A 

0 
0 
(I 

0 
0 
0 
0 
0 
0 
0 
0 
0 

~

.0081 

.0699 
,0880 

-O.o&l2 
-0.0370 

0, 

7 

Speed 
Fl 

23.65 
2-1. 20 
25.10 
31.9:, 
32.80 
18.75 
a.:uo 
36.40 
14 75 
l:i.00 
18 .70 
14.30 
12.80 

-

Speed 
I'~ 

24 . 15 
24.75 
25.00 
36.90 
29, 95 
12,85 
30.00 
00 .40 
13.55 
1g,75 
17,80 
14.30 
14,30 

I 

I 

Grnde 
0 

t 0.96 
2 .08 
8.01 

- 13.60 
+ 2.s:; 
+ 5. 1~ 
- 0 .96 
I- 1.41 

- I .~~ 
!- 2,78 

-'- 1.28 
~ 0.61 

- 28,15 
- 21.95 
-'lS.15 

-t-16.30 
20. 10 

- ~.4;l 

+ 0.43 
- o.os 
- 1.33 
- 28.65 

t i 1.92 
31 .70 

+12.66 
- 5.92 
+ 18.04 
- 1.89 

t 8.10 
15.95 
13.73 

10 
I II I 

Direction IVelocit)1 

+ 1~• r, 16 
+ 15•r, 16 
+t5°L 13 

t20°L 2() 

t5°L 15 

$:!O'L 19 
5or.., IS 

20• 1. 17 

t :JO• L 17 
15° L 19 

t 5° L 20 
10°r, 16 

+ 20°1, 17 
+ t5°L 19 
+ 20°L 18 

t 25°L 16 
5or., 0 

+ 20°1, 18 

+ 1~• L 16 
+ro•L 17 
+ I0°L 16 
+ 20°L 16 

!
20•[, 17 
5°L II 

15°L 17 
20°L IS 
20°L II 
15°f. 15 

+ t5°L 13 

-----

12 

Speed 
r· 

24.00 
23 . 15 
16,90 
38.00 
20 ,75 
3,1 .30 
28.40 
2Ul0 
24 ,00 
~7.50 
28,50 
21 .80 
;{5,92 
38.35 
36,1)() 
29 .95 
l:?.85 
ll7 .55 

23. 12 
24.20 
25.15 
31.69 
31.51 
14,70 
:33.20 
37,50 
13.53 
10.9 1 
17.80 
12.85 
12.22 

I 

I 

I 

13 

Resist­
ance 

JI 

4 .21 
4 .00 
3.65 
7,72 
5.07 
5.7G 
4 .24 
4 .~I 
5.41 
3. 14 
;J.45 
4.71 
LOO 
4 .46 
5.29 
n.57 
3.00 
5.7e 

4,23 
4 .71 
4,28 
4 .97 
5.14 
3.22 
-1 .78 
5 .00 
3.54 
:J,61 
4.22 
3.59 
3.48 

---

""" t-,:) 
~ 

E 
z 
0 .... 
Ul 

t:z:J z 
0 

z 
t"l 
t,j 
;o 
i 
Q 

t,j 

>< 
'd 
t:z:J 
;:cl 

i 
t,j 
z 
,-J 

{/) 
,-3 
> 
,-3 

0 
z 



TABLE 52 TES'r No. S-1040 

From Cha,mpaign to Gilman, October 24, 1908. Weather: Intermittent rain. '.femperature: 57° F. at start, 53° :B,. at 
end of test . Total weight behind measuring drawbar = 2152 tons, including the test car. '.rrain length = 
1830 ft. Center of mass 900 ft. back of measuring d raw bar. 41 cars: 2 empty, 45 loaded. Kind of cars: 21 box, 
23 gondola, 1 tank, 1 test, 1 caboose. Average weight per car= 45. 76 tons. 

-I 2 1 3 • 
Method I Item I Mile Post I Section I 

Length 
I I 

., 6 114.68 
-c (I) 10 102.99 

uiS c.> ~ 12 100.04 
~ '20) ~ca 15 88.71 
·o ;ig~> 16 86.32 
p..8- d ~ ~ 20 101.55 

. o., 23 

I 
100.65 

"'.c~ 24 103.48 .,; ., 
25 108.45 

s, 
9 90.52- 90.03 2584 I "'~"' "C.,"' JO 89.29- 88.52 3768 C Q :> :l II 86.82- 95.91 2180 ocie:.;o:-

~~~> a 83.83- 83. 16 3548 
~~_gQ 

13 93.64- 93.20 2200 

~~~ 
14 83.83- ~.00 4360 
15 106. 10-105.70 1988 

0- 16 103.87- l(}J .64 4056 
0 I 

• For complete tahle h~adin11: see '.roblc 36. p. 99. 

Pull 
p 

16500 
28100 
15100 
sgoo 
9850 
8900 

l36(X) 
23000 
13200 

8500 
8750 

1015() 
7000 
4000 
7250 
7450 

15100 

I 

6 

Ace~!. 
.A 

0 
0 
0 
0 
0 

-0.044 l 
- 0.0191 
--o.051 l 
- 0.0255 

I 

Speed 
VI 

28.70 
28 .80 
24.62 
26.70 
22.37 
26 .70 
29.20 
22.75 

' 

8 

Speed 
1"2 

29.62 
28.20 
24.62 
27. JO 
21. 74 
27.80 
29.S.; 
16.70 

I 

Grade 
0 

+ 7.72 

t27. l0 
7 .22 

- 1.53 
0.26 

+ 9.53 

110.97 
30.00 
9 .81 

- 9.61 
- 1.64 
- 0.70 
- 4.99 
- 5.04 
- 5.82 
- R.76 
+ 11.20 

' 

10 11 12 

Direction I Velocity l Spr~d 

i
40°R 8 I0.77 
20° R 8 3.82 
35° R IO 12.45 
20° R 13 28.20 
15° R II 24 .82 
35° R 13 18.72 
30° R IO 13.25 
40° R 10 11.40 
35° R I I 17.05 

:j:25° R 13 29.36 
20° R 13 28.54 

+ 15° R II 24 .,7 
+15°R 12 26.88 
+ 26° R 12 2:1.10 
+ 15° R 12 27 .00 

t25° R 13 30.10 
20° R 9 19.75 

IS 

Resist• 
::rnce 

R 

4.7.) 
2.02 
4.28 
4.71 
4.67 
4 .00 
3.ll\J 
4 .13 
4 .82 

6.14 
5.33 
4 98 
4 .72 
4 .64 
4 .64 
5.45 
4.56 

[/) 

g 
~ 

8 
>-3 
I 

".1 
::0 
!."l 
Q 
::1l 
>-3 

>-3 
::0 
> .... 
~ 

::0 
C'1 
~ 
[/) 

>-3 
> z 
0 
t'l 

.... 
1--:l 
~ 



124 ILLINOIS ENGINEERING EXPERIMENT STATION 

I I I I I I I I I I I 

.... 14 
I I I I I I I I 

I TEST NO. S-1040 
z I AVEFtAGE Wt:IGHT PER CAA 45.76 TONS 
0 
I- 1:Z 
a: I w 
a. I 

ui 10 
Ill -i ,_ -
J I I I w 
u 
z 6 
<( 
I- I I 
1/) I iii -Iii 6 ,.-
a: ., -
z I 6 "" %0 

I - " <i I ( IZ ~ ~ 

24 14 ~' a: -- - I 16 I- 4 
,- 16 1l 

4 3 I 
I 10 I 

~H- 4 ........ -~ 1-1- 12 >-'I-
16 20 24 

SPEEO--M.P.H. ~- 28 -- 32 1-1- 36 >-I-I-

FIG. 35 

I I I I I I , 7 I I I 

I- 14 
I I I I I I I I I I 

I TEST NO. S-1043. 
,._ 
•· z I AVERAGE WEIGHT PER CAR 17.92 T ONS 0 

I- 12 
a: 1, . -w I I 1. 6 
a. I II.> • •c --~ • 
ui 

. I ;,j 

10 '" ,~ - 4 

Ill .. 5 'I 
J I '? 7 C - • I 
Iii I '" 

,. • - - II ' -u f,-, e z 8 
~ 

6 

I '3 1/) 
I iii 

Id 
6 a: 

I I I 4 
I 

.... ~ 4 f- .... 8 >-- 12 f-~ 16 20 2A 1- _ 

S PEED--M.P.H. · 28 -- J2. 

FIG. 36 



TABLE 53 TEST No. S-10-13* 

From Champaign to ·Mattoon, November 7, 1908. Weather: Clear. Temperature: 38° F. 
test. Total weight behind measuring drawbar = 1118 tons, excluding the test car. 
Center of mass 1300 ft. back of measuring drawbar. 66 cars: 65 empty, 1 loaded. 
gondola, l tank, 1 caboose. Average weight, per car= Hi.92 tons. 

~I 4 5 8 9 10 

at start, 53° F . at end of 
Train length = 2580 ft . 

Kind of cars: 15 box, 49 

I II I 12 13 

Method Fl Mile Post 
I 

Section I 
Length 

Pull 
[' 

Arcel. 
A 

Speed 
Vi 

Speecl 
E! 

Gracle 
(; Direction I_ Velocity I 

Speed 
V 

Resist­
ance 

II 

.. 
~ ] 
:5~ 

~--~,;)~ 
·-ooc-od 
OS: - ~ 
~ § g ii 

.=:0,9 
0 O 
0 ::s 

~ ,:, .. .,, .. ., - :, 

"s-.. 
00>> 
·:; ~ 4) 

oc:i~ 
Q) clS ~ 
IJ/,n .. 

"'" <l > 
s..: 
:, 

8 

l 
2 
3 
4 
5 
6 
7 
8 
g 

l 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

112.0~ 
J.13 .25 
150.77 
l!itl.10 
157.78 
168.23 
168.78 
14i. 211 
143.00 

13~.25-140.49 
148.i0- 144.40 
146.20- 147.52 
147.52-148.31 
151 .00- 152. 47 
)52.47- 153.45 
155.27-156.20 
156.20- 157. 16 
159.65- 166.66 
160.00-162.22 
165.?4- la6.74 
168.43- 169.()3 
169.53- 170.72 
ll5.58-116.20 

6540 
3652 
6960 
4172 
7832 
5112 
4952 
5028 
5316 
9241! 
5276 
5792 
6272 
3276 

• For complete table heading sec 'J'ab\e :10. J>. 99. 

11300 
OJ()() 

I 1000 
13300 
11700 
15100 
17\100 
74()() 
8650 

10500 
H&lO 
7500 
7600 

11100 
9-150 

133:,0 
138:;0 
10620 
8500 

11600 
15400 
11400 
915(1 

0 
+ 0 .0124 
+ 0 .0165 

0 
0 
0 

f-0.0106 
0 
() 

2-1.70 
27.96 
29.48 
32.10 
20.00 
22.50 
16.33 
lG.75 
18.00 
22.75 
20.25 
12.40 
16.27 
26.90 

25 .50 
26 .87 
32.JO 
30 .42 
22.50 
23.00 
15.75 
17.00 
22.75 
20.90 
18.02 
16.27 
22. 15 
29.40 

- 0 .14 
- 8,80 

+ 2.00 
+ 9.21 
+ 2.97 
+ 14.13 
+ 1-1.21 
- 12.11 
- 7.96 

- 3 .97 
- 5.12 
- 16.61 
- 5.50 
- 0 .03 
- 4.70 
+ 9.02 
+ 8 .34 
- 5.94 
- 3.81 

t 7.0 1 
8.20 

-- 7 .87 
- 13.96 

i25° R 
20° R 
25° H 

+ 20° R + ;;• R 
+o:,• R 

155° H 
15° R 
t0• R 

130° R 
15° R 
5° R 

+ ~• R 
+ 1;• a 
+2s0 a 
+ 20°R 
+ 20•R 
+ !5° R 
+ 15°R 
+ 50• n 
+ 55° R 
+ 10°R 
+ s•n 

8 
11 
7 
6 
7 
4 
4 

13 
11 

8 
11 
13 
13 
9 

10 
6 
6 
8 
8 
7 
,I 
9 

11 

24.35 
26 .70 
19.50 
15.80 
17.75 
12.55 
11 .80 
32.30 
27.75 

!4.76 
27.67 
31.60 
81 ,60 
22,25 
23.24 
16.07 
16.32 
2() . 13 
23.43 
19.45 
13.16 
20 70 
27,94 

I0. 15 
HI.al 
7.43 
8. 41 
9.3.3 
8. H 
8.76 

11.21 
10.75 

10.97 
11 .01 
11 .29 
10 .72 
8.93 
9.31 
8.79 
8.63 
9 .41 
9.76 
8.88 
9.40 

10.41 
10 .35 

Ul 
(') 
i::c 
~ a 
8 

I 
"'.l 
~ 
t:rJ 
H 
G) 
i::c 
8 
8 
~ 
> z 
:,:l 
t:rJ 
Ul 
H 
Ul 
8 
> z 
(') 
t:rJ 

,..., 
h? 
C)I 



TABLE 54 TEST N o. S- 1048* 

From Champaign to Ludlow, November 28, 1908. Weather: Fair. Temperature: 36° F. at start, 39• F. at end of test. 
Total weight behind measuring drawbar = (ul- 24!3 tons, including t.he test car. Train length= (a)- 2175 ft . 

( b )-23<>5 tons, ( ,, ,-2100 ft. 
" t . f 925 ft b k f • d b (a)-54 cars, 8 t (a)-46 loaded. 1·( · d f " . 18 b ..,en e1 o mass • ac o measuring raw ar (/;)-52 cars, emp y, (b)- 44 loaded. in o cars. ox 

Hil=:J fg~3gJ!; 1 test, 1 caboose. Average weight per car= 45 24 tons. (a)- Champaign to Rant.oul. 

_ I 2 I 3 I. 4 

Method I nem I Mile Post I SecLioo j 
_ Leogth I 

Pull 
p 

6 

Accel. 
.d. 

7 

Speed 
1'I 

8 

Speed 
Vt 

(b)-Rantoul to Ludlow. 

6 

Grade 
(! 

,o J 11 I 

Direction I Velocity I 

12 

Speed 
I' 

1 110.u 26150 o i 1s.so I + 5' r, I 5 
1 o.as 

2 111. 11 30150 o 24.13 + a0 r4 5 7 ,78 
I!: 3 114.H 18200 0 8.26 + 25• L 6 14 00 
o 4 115.79 14200 0 1.91 + 30° L 6 18.36 
-" 5 116.48 1~50 0 + 0.73 + 25° L 7 10.36 
_;;., 6 117.61 12800 0 0 + 30° L 5 19.45 
- u 7 118 43 13550 0 - 0.49 I + 5° L 6 19. 73 
E~ 10 115.34 14800 -0.0229 + 7.28 -l-30" L 6 17.86 
"'!> 11 114 . 71 Ji800 -0.0053 + 9.47 -l-25° L 6 ll .27 

;:;,::, 14 110.53 21350 0 +20.10 i 5° L I 5 !!.73 ·cg l:' 15 I JO. 16 20950 +o.03R8 + 0.25 10° L 6 11.73 
P.. • S 1 16 111.01 29850 + 0 .0123 120. 10 5° L 5 8.28 

°"'. ~ 17 111.80 17800 -0.0000 28.15 15° L I r, 16.45 
~ 8 18 111.59 21950 - 0.0652 29.91 15° L 5 12.00 
co 19 111.40 28550 -0.0352 29.16 15° L 5 0.10 
e::a 20 100.sa moo +0.0 105 - 4. 1s + 10° r, s 15.00 
,:: 21 111.51 I 25500 -0.0511 + 20.01 + 15° L 5 10 .6' 
o 22 100.00 9900 +o.0\76 -19 35 t 0° 9 21.20 
U 23 108.69 I l000 -0 0!05 6.51 5° R O 23.91 

24 l08.31 12200 - 0 .0193 ± 10.30 5° R 9 !1.30 
25 108.49 I 11200 -0.0511 + 9.05 + 5° R 9 23.00 

13 

Hesist­
ance 

/{ 

,.... 
I-!> 
0) 

.... 
r< 
r< .... 
z s 
Ul 

t'J 
z 
C) ..... 
'7. 
t'J 
l"l 
~ ,.. 
~ 
Q 

t'J 
;,< 
"O 
t'l 
::0 

i 
t,:,; 
z 
8 
Ul 
8 
>-
8 

~~ s , ,1s.42- 111.c1 430<I ~~, -j 10.1,1 - 19.45 - o- +ao• L I ;; 19.58 I - 0 
g.,,_gg::J 6 l15.9~-115. 34 3172 14650 IH.27 17.36 ·t-•1.4!) +30' L 6 18.02 
·;;"'"c::s 7 114.71- 114.24 2476 18Hl0 11.27 13.82 1 8. 11 -l-25° L 6 14.00 
~~!::::e 9 111uo--110.s1 4176 200<K1 I I 9.10 9.IU 21.10 , s• r, 

1 

~. s.:;u 
rJJ; o-,:!> IO 108.69-108.31 20(18 11000 23.00 21 30 9.21 + 5° L 9 22.&, 

0 ~ II 112.00-111.40 3U~ 200()() 20 .82 9.10 28.:;Q + 15° L 5 13.08 
u 

z 

• For complete table beadlo,r see Table 36, p. 00, 
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TABLE 55 T.c:s·.r No. S-10:W" 

From Champaign to Mattoon, Januar)' 23, 190\-l. Weather: Fair. Temperature: 53° F . a t start, 66° F. at end of test. 
Tota.I weight behind measuring draw bar =--= 1618 tons, excl Ltding the test car. Train length = 1620 ft. Center 
of mass 660 ft. back of measuring tlrawbar. 40 cars: 16 empty, 24 loaded. l{ind of cars : 20 box, 10 gondola, l 
caboose. Average weight per car= 40.44 tons. 

Method 

'd ' ce "' .. o., 
,a::.,:: 

bu;~: 
-~ 0 
0 Cl).Q ;,.. 
P,.c rJ"J s.. 

SM g 
::,- Q 

oS., 
o"' 

~ 
0 
.c 
"' "'., - ., 
o::> ~-

""'" S!'d;:, 
~ C <> 

~'~~ 
ti)., 

S> ::,,< 
0 u 

2 I s l i I 5 I 6 I 7 ·1 8 I 9 I 10 I ll I 
. I Mile Post I Scctioo I Pull I Acee!. I Spc_P.d I Spc_ed l Gmdc I Direction I Velocity \ Length P A T I l 2 G 

. --- ---

Item 

' -· •·----

I 141.33 7800 0 
2 142.12 7900 0 
3 114,6,'; 7500 0 
4 145.56 6050 0 
5 147 .33 4550 0 
6 153.18 5000 0 
7 1:,5_9; 14900 0 
8 157.87 7250 0 
9 156.U7 14100 0 

10 158.87 10400 0 

I 139.00- H0. 21 6420 9100 23.14 
2 140 .21- 141.5'1 7 116 8200 25.72 
3 141.56-142.93 7188 7800 27 .5() 

4 l42.03- H3.80 4616 7100 29.00 
5 148.80-145, 16 7220 6950 31.22 
6 146.25- 1-17 .49 6560 4950 35.30 
7 148, 22- 148. 9 1 3632 495() :16.2", 
8 )50.79- 15 1 .78 5216 e950 30.20 
9 151.78- 152.57 4196 7400 29. 10 

10 152.57- 153.18 3176 7500 28 .55 
11 156.11- 156.97 4552 14800 16.\10 
12 157.48-158.25 4016 8850 17.23 
13 159.30-159.87 3032 13550 19.77 
14 160.80-161.70 5212 7750 26.01 
I~ 162.5\r 163.28 3614 92.)J 22.90 
16 164 .96- 165.66 3696 !0550 :!0.37 
17 166. 19- 166,84 3412 11800 2() _ 55 
20 165.66- 166.19 2828 

I 
10000 21.73 

21 159.87- 160.62 3956 l()l00 19.77 
22 147.49-148.22 3860 4700 37.80 
2a 145. 16- 146.25 5716 6600 3 1.20 

-- --

2.5. 72 
27 .5() 
2'J. IO 
31.22 
31.20 
37.90 
33 82 
29. 10 
~.55 
20.40 
17.77 
17.23 
10 .77 
26 .64 
2l.37 
21. 73 
18.60 
20.55 
25.55 
36. 2.'; 
35.30 

- I. 
- I. 
- 4.· 

50 
83 
(}I 
25 
46 
.RI 
,32 
,88 
. 15 
~ 

- 5. 
- 9_ 
- 6. 

+ 9. 
(), 

t 8. 
1. 

- 3. 
-4. 
-4. 
- 8. 

0 1 
82 
,55 
.02 

- 4. 
- 15. 
+ 1. 
- o. 
+ 0. 
- 5. 
+ 8. 

t I. 
5. 

7 
:1 

67 
40 
06 
94 
15 
01 
48 
68 
35 
6 
3 

45 

- 5. 
- 4. 
-0, 

+10. 
5 _ 

- II, 
- 5 . 
- 13, 

88 
n 
76 

t o• 4 
11 ° R 5 

+ o• 7 
+ o• 6 
+ o• 6 
·f-65• R 6 
- oo• H 8 
- .i5° R 6 
- 00° R I I 
- 00° R 14 

!
40° R 3 
o• 4 

10° R 5 
o• 7 
o• 7 
o• 6 

tJ,',• R 6 
:J5° R 4 
00° R 5 

+w0 R 6 
-oo• n II 
-45° H 6 
- 60° R 14 
- 00°R 14 
- 55(1 R 12 
- 30° R 9 
- 25° R 8 
-30°R 7 
-oo• R 13 
+ J0°R 1 
+ o• 6 

• l•'or complete table heading see 'l'alJle 06, J.>. 90. 

12 

Speed 
V 

27. 20 
26.55 
il0.20 
31 .70 
38.00 
29.46 
16.55 
15 .)8 
17.77 
20 .95 

24.31 
26.95 
21.2:i 
30.llO 
30.78 
37.30 
35.36 
29 .63 
28.80 
28.S7 
17.25 
16.11 
19.70 
27.35 
23.66 
21.00 
19.40 
21.41 
22.46 
37.60 
32.50 

' 

13 

Itesist­
ance 

R 

5.39 
S.57' 
6 .17 
5.73 
6.40 
6.23 
5.68 
4 .15 
5.62 
6.02 

-
5.75 
5.97 
5.67 
5.76 
{> .!i'9 
6.79 
5.68 
5 .32 
5.08 
5. 74 
5.60 
5.09 
6.29 
6.94 
6.01 
5.51 
5.01 
5 34 
6 .34 
6 .96 
5.99 

,_. 
t,!) 
00 

r: r z 
0 ,_. 
Ul 

t=J 
~ 
Q z 
l1l 
t=J 
::i::, ,_. 
z 
Q 

t=J 
~ 
"tl 
t=l 
~ 

i 
t=l z .., 
Ul .., 
~ ..,, 
0 
z 
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I I I I I I I I I I I I I 
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I TEST NO. S-1052. -:, 
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';:>-12 
AVERAGE WEI GHT PER CAR 24.80 T ONS 
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I I TEST NO. S - 1057. ~ 
6f--l- I_, AVERACE WEIGi-iT PER CAA 41.32 "f'ONS 
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TABLE 56 TEST No. S-1052 

F rom Champaign to Mattoon, January 28, 1909. Weather: Continuous rain. Temperature: 36° F. at start, 40• .If. at 
end of test. Total weight behind measuring drawbar = 1514 tons, excluding the test car. Train length = 2430 
ft. Center of mass 1316 ft. bacl{ of measuring drawbar. 61 cars: 44 empty, 17 loaded. Kind of cars: 36 box, 23 
gondola, 1 flat, 1 caboose. Average weight per car= 24.80 tons. 

2 3 i 5 6 8 9 10 11 12 13 

' ' I I I I 

.. Speeds " Wind " '"'C :i g 5-o Q.C:;:::: c4l.)3 
o.~ 0 Location °EC il<,, ·;;.cg 

8 C a o" a !a 8 'tl.C ·;~~ -g~ z on Road .co .. - "' ., 0" 

"'"" .... " 2c · ~ A~ t"e::.-a. O> • t:..:, Q. .c- a ~~t ~ci!l::, .. '"' "o . .§.3 ~ -~~ ~~ ~~II) ~--.c ... o.C .. ~-~~ ~.§ "., ... 8~8. 
.. ., 

0
+1l 

<ll13 ! .,.,,. ~u • 
-~-~ ~ '"'<) "'<I" ::.c'.3 l\Iilepost No. .3rn .. u.,., C: ., "' ov o.2 ~ z~g 

~~"' J,1<1)13 .. .. """<L' <""I i:i r=l(J)B "'·- §;>" ~g < <>A "' < < 

I I I I 
p 

I A 

I 
v, I V2 0 I I I V 

I 
R 

1 168.75 208..'iO 0 

I tl4.52 - 45°L "' 10.64 8.27 
I< 2 167.1% 16050 0 4.ll9 -50° L 19 14.45 8.71 0 3 165. 72 14400 0 0.43 - 60° L 18 17 .32 9.35 ,, .,., 4 161. 23 9550 0 - 8.25 -70° L 12 23.00 9.43 ., " 5 159.84 13800 0 t 3.75 - 50° L 14 16.00 7.70 - = 6 157.37 16750 0 7.38 - 55° L 10 15. 10 8.26 o-., d 

7 155.97 16400 0 9.00 - 50° L I I 13.00 7 .18 o,:> 

.E-g ~ 8 155.1! 15800 0 + 8.10 -50° L 11 13.86 7.37 g 152.52 0900 0 -0.54 -80° L 6 20.61 6.75 o.,d 10 151.34 9750 0 - 0.65 00°L 7 21.90 6. G9 ~ .o II 153.50 8650 0 - 3.77 -85° L 6 22.55 7. 15 ., ., 
..;a 12 149.60 9550 0 - 1.52 +70° L 6 22.46 6 .89 
o,0 13 147 .2() 5800 0 - 13.44 85° L 10 29.47 8.92 
~~ 14 148.29 6900 -0-0388 - 0.74 +85°L 8 26.20 8.60 
:, 15 147.44 5800 -0.0166 - 8.73 00° L 0 28.80 8 .75 

8 16 148.57 0200 -0.0352 + 1.71 i80°L 7 24.82 8 .84 
17 146.59 8500 +8 .0lOI - 18.85 85° L 10 28. 10 8.87 
18 146.33 8900 .0453 - 22.88 850 r, II 26.7J 10.17 

.... 
c:,:, 
0 

~ 
t' .... z 
0 .... 
Ul 

t_,:_j 

z 
(j) .... z 
t_,:_j 
t_,:_j 
:.:, 
z 
0 

l%J 
~ 
'i:! 
M 
:.:, 
i 
t_,:_j 

z 
>-3 
Ul 
>-3 
>-
8 
H 
0 z 



4 142.8,- 143.62 39,2 0000 21.64 23 .15 
5 143.62-144 .38 4032 8850 23.15 21.61 
6 IH.38- 145.20 4312 10000 2 1.64 21.55 
7 146.22-147 .15 4956 8000 25.91 2\l. 2\) 

6 8 147.15- 148.29 5980 6200 29.29 26.20 
9 148.29- 149.09 4268 8450 26.20 23.00 -;; 10 151. 12-151.85 3828 9400 22.10 21.28 .,,., II 151.85- 152.55 3676 980() 21.28 20.64 - ., 12 156.01-156. 74 38'10 16850 14.10 15.00 0:, 

g~d 13 155.2\l-156.01 37t0 16000 14. 18 a.lO 
14 156.74-157 37 3332 16100 15.00 15. 10 ·~,c> 
15 158.23- 159.24 53H 11200 18.00 18.00 '"'., <1)~ ~ 16 159.24-159.80 2964 13300 18.00 IS .90 

r.n,6!: 17 159.S0--,60.69 4732 l2o00 15.00 21.36 
"'., 18 160.69- 161.45 3006 0600 21.36 2.2.s2 
§~ 19 161 .45- 162 .17 3816 9550 22.82 18 .91 
:, 20 162.17- 163.08 4828 13400 18.91 19.50 
0 21 164.85- 165.69 4460 15:)()() 15.82 17.82 
u 2! 165.69- 166 .67 M72 14600 17.82 15.18 

23 166.67-167.26 3116 16100 15. 18 13.80 
24 168.57- 169. 13 2928 20JOO 

I 
10.91 12.61 

25 169.13-169 .60 2192 17000 12.61 15.40 
26 171.44- 171. 72 1481 22600 12.32 8.50 

- 9.1~ - 80°T, I - 5.70 -6:>• L 
- 4-14 -66°L 
-IS.4e + ss•L 
- 7.56 90° L 
+ I. Ii + so• L 
-0.28 90° L 

i 0 .32 - 80° L 
9.22 - 54° l, 
9 .22 -50° T, 

+ 7.29 - 55° L 
2 .37 --55° L 

+ 7. 31 -45°L 
- 7.92 - 50° L 
- 10.H --70° L 

t 2 .31 -60° L 
0.23 - 55° L 

i 
0.35 - 60° L 
6.48 -00' L 
7.88 ·-50' L 

12. 10 --45° L 
1.25 - 50° L 

31.20 50°L 

10 22 .55 
13 22.92 
10 21.00 
10 28 .16 
9 28.13 
7 24.26 
7 21. 74 
6 20.00 

11 14.54 
II 14.31 
I() 15.15 
12 19.20 
13 16 .84 
14 17.92 
12 22. 70 
14 21 .68 
13 18.29 
18 16.IX) 
16 16.80 
19 14.66 
14 11.09 
13 14.15 
14 10.12 

8.61 
9.19 
8-24 
9.61 
11.00 
7.76 
6.77 
6.88 
7.16 
7.12 
7.82 
8.30 
7.73 
8.21 
9.16 
8. 46 
8.44 
8.$4 
8.39 
8.52 
7.00 
8. 56 
6.01 

Ul 
0 
~ 
a:: a 
1-3 
I 

"j 
~ 
t,J 

Q 
::i: 
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1-3 
~ 
> .... 
z 
~ 
t,J 
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Ul 
1-3 
> z 
0 
t.:J 
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TABLE 5'1 TEST No. S-1057 

From Champaign to Gilman, March 6, 1909. Weather: Fair. Temperature: 34.° F. at start, 40° F. at end of test. 
Total weight behind mea.suring drawbar = 210; tons, including the test cu,r. Train lengt,h = 1sao ft. Center 
of mass 860 ft. back of measuring drawba.r. 51 cars: 8 empty, 43 loaded. Kind of cars: 23 box, 22 gondola, 3 flat, 
1 tank, 1 test, 1 caboose. Average weight per car = 41.32 Lons . 

. 

1 
I 

2 I 3 I 4 I 5 I 6 
I 

7 
I 

8 I g 10 I 11 I 12 
I 

13 

.. Speeds Wind " 
... " gg'C 

., 
e1e1>8 

o" 
::, p. c:::: 

00 0 Loc:i.tion Ow"' •-.C C 
"' a .,pe:13 ., 

£ "'.d 
...... --, .... 

"O ·- z on l{o:id .c O., - "" EM8 <.> C ~g '" C o> 

_g~ ~;g 0 ;l '3 .. s~~ "'. .. "'p. 
-~~ "0 • '"". 8~ Cl> a ti!,) Q,} ~~~ f~-= ~ o.c .. ., 13-- QJP, 

~::, ,,.,,~ E-<-?o 

I 
{!) ~ --~ -~rg~ "' • i> ·;; 'O .,.., 

£ "'"''" ~" • ...:.-- . 
I<" wa 

~'3 Mikposi No. 
Q)(/) ~"' """" 'Y.~::i. z~g ... ,.J ""' 'i< +I~ o" o_ . 

0 i:i ~~-
r,a<ll. r4J;Ei ~~ ~~s oS p. -<~ < < < 

I I I p I ..J I Vi 
I 

J/2 I 0 I I I V I R 

,,; 
"' I 

Q1g~l~ I I0-1.55 13600 -0,0561 tlG.76 t10°L 8 26.16 5-41 
2 J(,~.87 168()(1 -~ 072:l 26.88 ?~L 13 21.0'2 4.63 

--cc,,=.c~ 103.57 JO&,() -0.0038 29.78 13 1680 4.lH 
oe~"'"-a ., 

" 
p.. E: ~;2 ~> 4 l(l'l.29 249;;() -0,0HO +32.38 13 13,00 3.73 

8 ~ 
5 I 102.93 2831',0 0 +2-1 .28 +1o•L 6 10.32 4.26 

..... 
0:, 
~ 

.... 
t"' 
t"' z 
0 .... 
rn 
t".I 
~ 
Q .... z 
t,,:j 
t,,:J 
~ z 
Q 

t:r:I 
~ 
>tj 

t"l 
~ 

i 
t<.I 
7: 
t-3 
rn 
t-3 
> 
t-3 
0 z 



I 117 .91 117 .18 4004 12800 
2 ]17.18- 115.91 6506 13150 
3 115.01-115.3& 3014 J;i9j() 
4 114.69-114.22 2472 17000 

10 106.08-105.53 2892 9150 
I I 105.53-105.02 2704 100:,0 
12 105,02-10 1.56 2128 lli};i() 
13 J0Ui6-IOl.25 1686 14600 
14 10 1.2.',- 103.87 1976 15700 

II: 15 103.81- !03.57 1621 18350 
0 16 103 ,57· · 103.lf.i 27t)I 21000 .., 

17 103 o:r-102 .40 3486 2,000 
"' "'"' 18 102.40 11)1.65 3988 12800 _., 

19 101 .65- 101 . 24 2144 12800 
o.= 

o~-:e 20 101.24 99.79 7680 13500 
oco:,. 21 99.79- 98.95 4◄52 69i>O 
-;i,::, C) 22 98 95- 98.05 474,1 8100 <>c., 
~eed 23 os.o;- 97 .50 2881 5800 

"'t 21 97 .50- 96.05 7704 MOO 
rn "'°' 25 96.05- 95.38 3476 49ii0 
~< 26 95.38- 91.60 4144 4450 
;; 27 9-1.00- 93.93 3528 6600 

8 28 93.03- 93.31 3308 6100 
21) 00.00 - 89.50 3156 5000 
30 89.50- 88.92 3016 6ll00 
31 88.92- 88.02 4792 75;;o 
32 88.02- 86.79 ~500 7600 
33 86.79- 86.20 3108 8!s50 
34 $6.20- 85.74 23'J6 9250 
35· 83.88- 83.38 2616 g8()0 

36 83.38- 82.16 6444 8750 
37 103.57- 103.29 1472 22100 

I 38 103.29 103.05 1232 2MOO 

-

22.57 23 .05 + 0.20 +20° R 
23.05 22.16 2 .41 + 1s 0 R 
22.16 21.42 :j: 4.58 +20° H. 
18.20 17.98 7.90 15° R 
32.35 32.08 - 4.02 + 10°L 
s2.oe 29. 20 

I 
8 .40 + 10° r, 

29.20 26. 16 13.92 +10° L 
26.16 ~LIO 14.20 +10• r, 
24.10 21.02 19 24 :j: 5°L 
21.0! 16.80 29.60 5° L 
16.80 10.58 + 31.25 :j: 5° L 
10.58 18.88 -1- 5.53 JO" L 
18.88 25.76 - 11.25 + 2:;0 L 
25. 76 23 .50 + 11.8·? +2;,• L 
2.3.50 28.72 - 4 .88 + 25° L 
28 .72 28.25 - 4.03 +2S0 r, 
2o .2.1 30.32 - 11.02 + 10° r~ 
30.32 3l.51 - 28 .02 -35° I1 

31.70 J7 .55 - 15.83 -35° L 
37.55 41.10 -21, .98 f-35° L 
41.10 37.90 - 1.02 +35°L 
37.90 37 .2.~ - 6.44 +35° L 
37.25 37.25 - 8 .46 +35° L 
86.21 35.2.'> 4 .52 + 35°L 
35.25 33.65 - 0.70 t35° L 
33.55 32.45 - 3.42 a5" L 
32.45 30.6! - 0.41 ;JS• L 
30.62 27.60 + 5.78 i40° L 
27.60 27 .80 - l.98 40° L 
29. 21 30 .02 - 4.64 40° L 
30.02 31 .40 6.72 40°J. 
16.80 13.00 :j:3 1.20 :j: 5, L 
13.00 10 .58 31.30 5° L 

I 6 22 .75 
7 22.50 
6 21.~5 
6 17 .75 

I 7 32.86 
8 30.74 
8 27.60 
8 24.79 

13 22 . 45 
13 18.45 
13 12.72 
6 12.3.1 
9 2,.65 
g 24 .38 
8 22 .77 
8 30.38 
9 26.05 

II 32.76 
II 36.24 
12 39.50 
12 40.38 
12 37.00 
12 37.60 
11 35.86 
JI 34.28 
II 32.68 
7 31.66 
9 28. 25 
9 27.23 
9 29.75 
9 31.40 

13 14.31 
13 11.20 

5.62 
5.75 
o.14 
5.30 
6.28 
6.11 
5.20 
o.03 
5.03 
4.32 
3.92 
4 .37 
5.00 
5.20 
5.80 
5.25 
6.!6 
6.78 
6.71 
6.64 
6.73 
6.53 
6.11 
6.02 
fl. 23 
5.93 
4 .99 
5.03 
4.82 
5.14 
5.79 
4.00 
3.88 

'(fl 
0 
::i: 
~ 
8 
1-3 

I 
l,j 
:;,:, 
t.:r:J .... 
Q 
::i: 
1-3 

1-3 
::.:i 
> .... 
'-2: 
:;,:, 
t.:r:J 
Ul ..... 
Ul 
1-3 
> 
!Z 
0 
t.:r:J 

.... 
c.:, 
i:.i.:, 



TABLE 58 TEST No.S-1061* 

From Champaign to Gilman, March 13, 1909. Weatller: Fair. Temperature: 41° F. at star t , 38° F. at end of test. 
T ot,al weight behind measuring drawbar = 2252 tons, including the test car. Train length = 1785 ft. Center 
of mass 850 ft. back of measuring drawbar. 44 cars: 3 empty, 41 loaded. Kind of cars: 37 Gondola, 5 flat, 1 test, 
1 caboose. Average weight per car = 51.20 tons. 

I 2 I 
Method I Item I_ Mile Post I Section I 

Length 
I 

1 117.14-1 15.91 6496 
2 ll5.91- 115.34 3000 
:1 ti 1.66-110 .96 ~724 
4 110.96-109.~4 5888 

~ 5 l09.84- 109.2t 3304 
0 6 109.22-!08.31 4702 
{;J 7 106.86-106. 12 3901 
M 8 106.12- 105.58 2872 
- "' 9 l05 . 58-104. 96 3301 
00> 10 104. 96- IOJ. 26 3676 c~" 

-~~~ 
ti 101.26- !03.65 3224 
12 103.65-103.31 1800 

QC 13 103.31- 103 .()j 1464 
"'"'" Cf) . .. 11 l03 .3L- l03.18 720 

•!': ct 15 103, 18- 103.04 714 ., ... 
""' 16 9S. 14- 07 .61 2776 

~< 17 97.61- 9,; _75 9800 
18 9.5 . 76- 95.29 2472 

0 19 95.29- 94.58 3772 
0 20 9U,8- 93.79 4136 

2 1 03. 70- 93. 2-1 2956 
22 86.71- 85.77 4960 
23 8~.67- 82.97 372& 
25 81.65- 81.30 1868 

--
• .For complete table hcacliog see 'l'llblc 36, p. 09. 

5 

Pull 
p 

11550 
12000 
21900 
22400 
14000 
98.50 
78>.0 
7150 
9"250 

12100 
17160 
2215(1 
27050 
26200 
28000 
7650 
6000 
4450 
4450 
5600 
5200 

I 1000 
8250 
8300 

I 

6 

Acee!. 
.A. 

I 

Speed 
VI 

18.20 
16.41 
18. 13 
10.25 
17.05 
25.00 
29 .81 
32.20 
31.91 
28 .20 
22.57 
15.49 
0.70 
9. 70 
7 .37 

21.23 
29.57 
86.10 
37.68 
34 .09 
33.00 
20.06 
22 .70 
16.98 

' 

8 

Speed 
V2 

16.41 
H .95 
l0 -25 
17.05 
25.00 
23.00 
32.20 
31.91 
ZS.20 
22.f\7 
15.49 
9.70 
5.15 
7 .37 
r,,15 

29.57 
36. 17 
37.68 
34 . 10 
33.00 
32.91 
19.10 
24.03 
17.52 

' 

9 

Grade 
G 

t 2.4() 
5.0Z 

2si.7(1 
+ 9 .43 
- 17.H 
-0.33 
- 14.50 

5.70 

+ 7.90 
14-75 

+ 21.00 

tao.oo 
31.00 

+ 32,ao 
+ 29.90 
- 27.40 
- 18.75 
- 23.50 
+ %.03 
- 7 .61' 
- 7.15 
+ 1.28 
- 6.00 
- 5.10 

10 11 12 13 

Direction Velocity pee aoce I I S d I Resist-J V R 

+70° L 5 17.05 4.87 
70°J, 5 15.73 4. 48 
90°L 5 12.10 4. JO 

+ 15°1' 10 11.47 4 .21 
-85° L 7 2().50 5.87 
+ 15• L 6 25. 15 5.88 

+70° L 7 31.30 6.38 
70° L ' 

:12.65 5.79 

1
65° L 7 30-00 5.77 
850 I, 7 25.05 5.1:l 
oo• L 7 19.10 5.06 
so• r. 0 12.27 1.15 
~ O L 4 6.83 3.43 
65° L 4 8. 18 3 .18 
65° L 4 5.90 3.67 
65° L 8 27.03 6.67 
60°L 8 82.00 6 .73 

l50°L 10 37.40 i .64 
50° L 10 36.75 5.91 
45°L 10 33.16 5.95 
45° L 10 33.55 6.09 
90° L 9 19.00 4.91 

+60° L 7 23. 10 4-78 
80° L 8 16.97 4.93 

--- -

..... 
~ 
>I:. 

.... 
t"' 
t" z 
0 .... 
rt) 

l'J z 
(;) .... z 
l':l 
l'J 
::d .... 
z 
C) 

l".l 
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'Cl 
l".l 
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0 z 



SCHMIDT- FREIGHT TRAIN RESISTANCE 135 
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-. 
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-,-. 

I + ,__ 
I 

z I , 
0 

-- A V E RAGE WEIGHT PER CAR 51.20 TONS HH-'---i---1-----,1 
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'l'A.BLE 59 T EST No. S- 1063* 

From Champaign to Mattoon, March 19, 1909. Weat her: Intermitten t rain. Temperature: 39° F. at start, 40° F. at 
end of test. Total weight behind measuring drawbar = 1484 t ons, excluding the t est car. Train lengLh = 3060 
ft. Center of mass 1200 ft. bacl< of measuring drawbar. 74 cars: 70 empty, 4 loaded. Kind of cars: 4 box, 6\J 
gondola, 1 caboose. Average weight per car = 20.0! tons. 

I 2 I 3 4 

Me tbod I Item I Mile P ost 
I 

Section I 
L ~n g Lb 

I 14 I. 71-142.84 6000 ,: 2 143.53-144.45 4900 
0 3 IH.45-145.34 4672 
"' "' 4 115.84- 146.42 5700 

"'"' 5 146.42- 147 .20 4144 
- " 6 147.20-H7,83 3336 
£.:! 7 147. !l:1-148.60 4064 g~> 8 152.50-153.52 5416 

·~-g V 9 155. 78- 156.82 5184 
gdJ~ 10 156.82----157 . 37 2912 
C/).os 11 157 .37- 158.16 4156 

., .. 12 158.16- 150.35 6336 

a«: 13 16 1 . 21- 161.48 1472 
14 162.17- 163 .12 5028 :, 15 165 07- 165 . 77 a120 0 16 165.77-166.85 5680 0 18 169.38-169.66 1492 
10 17 1.55- 171 .71 870 

• F or comple te ta b le h eading see Table 36, p. 99, 

P ull 
p 

10800 
8450 
9m 
hi<5() 

0000 
6700 
7200 

10 100 
100:;o 
16000 
15600 
12450 
9200 

12000 
13200 
13050 
14950 
22200 

I 

6 

Acee!. 
.A. 

I 

S peed 
Vi 

20.74 
22.9 1 
22. 10 
22,71 
27 . 21 
28.61 
28 .0U 
20.35 
II .SO 
15.10 
J.'; .24 
17 .73 
25 .00 
21.69 
18.11 
19.00 

.13.95 
11.96 

' 

Speed 
V2 

21.61 
22 .10 
22. 71 
27.21 
28.GJ 
28.00 
21.91 
22.14 
n .1 0 
15.24 
17.73 
19.09 
25. 10 
~1.61 
19,61 
16 .56 
14.93 
0.86 

' 

9 

Grade 
G 

74 
40 
20 
90 
,05 
01 
31 
90 
95 
80 
80 
84 
50 
0 

- 3 . 
-5. 
- 5. 
- ll. 
- 16. 
-9. 
-2. 
- 4 . 

t 8 " 

7.: 2., 
- o.: 
- 7., 
+ o . 
-o. 

+7 ,: 
4 

80 
77 
50 

I.' 
+ 31. , 

---

10 
I 

11 
I 

12 I 13 

Direction lvctociLY I Spied 
I 

Resisi,. 
a o~,e 

Ji 

- ~-----

!
35° R IS 20.45 8.26 
35° R 14 2a.oo 8 .29 
35° R 14 22 .00 8 . 15 
40° R 15 2•1.30 8 ,77 

i
l0° R 15 28 ,25 9. 70 
40° R 15 28.40 8.09 
40° R 15 26.40 8.64 
30° R 13 21. 10 7.66 

t20° n IO 14 .40 7. IO 
20° R 10 15 .30 7.71 
3\)• R 10 16.20 H.03 

+ao• n JO 19.65 8. 14 
:<0• R 13 25.00 8.79 

130° R 

I 
12 20. 75 8.09 

3,'>0 It 12 19.25 7.85 
35° R 12 18.70 7.24 

t40° R 9 14 .5il 8.08 
2J 0 It 8 10 .78 6.84 

1-­
c.:, 
a, 

E z 
0 
H 
fl} 

t.:J z 
G) 

z 
t.:J 
t'J 
~ z 
Q 
t.:J 
:>< 

"' :."1 

"' i 
t.:J 
2: 
8 
fl} 
t-3 
> 
8 
0 z 



TABLE 60 T EST No. S-1010 

From Champaign to Mattoon, April 17, 1909. Weather: Fair . Temperature: 58° F. at start, 71° F. at end of test. 
Total weight behind measuring drawbar = lf\22 t,oos, including the test car. Train length= 2400 ft. Center 
of mass 1091 ft. back or measuring drawba.r. 66 cars: 49 empty, 17 loaded. Kind of cars: 21 box, 28 gondola, 15 
stock, l test,, 1 caboose. Average weight per car = 24.60 tons. 

2 I 3 I 4 I 5 I 6 

Method I !tern I Mile·Post I Section I Pull I Acccl. 
Leni:tb p ,t 

1 140 .2()--140 .89 3636 II 150 
2 H0 .89-141.70 4304 10800 
a 141.70-142.70 6308 11850 
4 142 .70-143.38 3572 10150 
5 143.38-143.79 2164 9200 
6 148.79-144 .37 3056 IJl50 
7 114..17-145.03 349e HHOO 
8 145.03-145. 38 1856 9900 
9 145,38-146. 15 4040 9050 

10 146. 15-146.47 1602 5000 ,. 
0 I) 146.47- 147.21 3892 5650 
,c 12 147 .21-147 . 8~ 3236 5&X) ,,, 

13 147.82-1<18.32 2660 7700 
0,"' 14 155.4~- 155.05 2740 16800 -o 
0~ 15 155.91-156.41 2432 17500 
u" 16 156.41-156.87 2424 17750 

c°'► 17 156.~- 157.36 2632 17600 .srg C) 18 157.36-158. IO 3864 16000 
~d: 19 158.10-159.29 6284 13950 
C) >I)'--

20 160 .55- 160 .80 rn24 12650 {/)GI)~ c~ 21 160.S0-161.36 2980 11600 
e< 22 161.36--162 .19 486~ 11300 

" 23 162. 19-162.77 3072 IHOO 
0 24 162.77-163 .16 2040 13100 0 

25 16t.94-Hl5. 73 4188 14700 
26 165.73-166. 16 2248 13600 
27 166.16-166.85 3660 15050 
28 168.36- 168.69 1692 20750 
29 168.69-160.63 4984 18650 
30 169.63-170.56 4876 13600 
31 170.56-170.83 1440 12700 
32 170.83-171.42 3084 13550 
33 Iii .42-171.75 1752 20950 
34 171.86-172. 10 1308 27050 

or complete table beading see 'l'able 36. p. 99. 

I 7 I 8 I 9 

I Speed I Speed I Gra<le 
l'I 1'2 C 

17 .90 19.53 - 6.55 
19.53 18.6.; - 2.94 
18 ,65 19.61 - 2 .98 
19.61 21.19 - 0. 17 
21.19 21 .75 - 9 .25 
21.75 20.13 - 4.33 
20 . rn 19.40 - 3.32 
19.40 19 .08 - 8.26 
10.98 22.57 - 13,00 
22.57 23.97 - 22.5() 
23.07 24 .71 - 16.40 
24 .71 22 .70 - 9.00 
22.70 20.61 - 3.77 
13.52 12.8S $ 0.!<0 
12.85 13.10 0 35 
13.10 13.96 7.83 
13.96 H.30 + 8 .04 
14.30 17.12 3 .14 
17. 12 18.87 - 1.35 
21.90 2:; .03 - 15.20 
23.6.1 24 .45 - \J.57 
24.45 20.•13 + 2.30 
20 .43 19.53 + 2. 15 
19 .53 20.43 - L27 
16 ,30 18.40 - 0 .19 
18.40 17.74 + 1.70 
17. 74 14.62 + 9 .72 
11.40 10 .98 + 1s.oo 
10 .98 16.45 + 5.10 
16.45 22.70 - 10.70 
22.70 21.77 t 0 .37 
21.77 11.30 15.75 
14.30 8.75 31.00 
7.00 6.00 + 33. 10 

1 • 10 I 11 I 12 i 13 

I I I S e 1 I Res ist-
Direction Velocity J)~ , c awe 

+ oo 
+ o• 

+ o• 
o• 

+ o• 
0' 

+ o• 

~

• o: 
0 . 
0 

0 

o r, 
• L 
• r, 

;
• L 
• L 
• L 

- 75° '-' 
~ 75° L 
- -:-a0 L 
- 1:,0 

rJ 

- 75° I. 
90° L 
90° L 
90° L 
900 f, 

90° L 
-650 L 
- 65° T, 
--050 L 

tll0° L 
80° L 

1 
1 
I 
1 
I 
I 
1 
I-
I 
1 
1 
I 
1 
7 
7 
7 
7 I 

4 
j 

3 
:J 
3 
:l 
3 
!) 
!) 

9 
12 
12 
6 
6 
6 
4 
•I 

18 .35 
18.90 
1~. IO 
20.25 
21. IO 
20.80 
19.05 
19.45 
20.40 
23.10 
24.1 0 
23. 20 
21.30 
12.90 
1%.75 
13. 21 
13.80 
15.05 
19.05 
22.60 
2:i. 90 
22.90 
10.02 
19, 90 
17.30 
18.05 
15,60 
11.00 
13 8.2 
20 .10 
21 .80 
18.30 
10.8.5 
6.38 

8 . 16 
8 .31 
7 .94 
8.57 
8. 38 
8.86 
8.26 
8. 36 
8 .57 
8.88 
9.04 
9.08 
8 60 
7.10 
7 .06 
7.30 
7.54 
7 .42 
8.40 
9 .82 
0 ,84 
9.02 
8.70 
8 .63 
7 .90 
7.36 
7.56 
7.28 
7.43 
8.87 
9.73 
$.58 
6.02 
5.32 

Ul 
0 
~ 
s:: a 
1-3 

I 
l,j 
~ 
I:=.! 
Q 
:z: 
>-3 

1-3 
~ 
i> .... z 
~ 
t:tJ 
Ul .... 
Ul 
1-3 
i> 
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138 ILLINOIS ENGINEERING EXPERIMENT STATION 

I I I I I I I I I I I I 
f-- 14 I I I I I I I I I I 

I 
I -- . TEST NO. S-1O70 . 

z I AVERAGE WEIGHT PER CAR 24,60 TONS 
0 
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I TEST NO. S - 1O72 

z I AVERAGE WEIGHT PEA CA~ 66.40 TONS 
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TABLE 61 TES'l' No. S-1072* 

F rom Champaign to Gilman, May 1, 1909. Weather: Fa ir. Temperature: 35° F. at star t, 37 ° F . at end of test. Total 
weigh t behind measuring drawbar = 1859 tons, excluding t he test car. T rain length = 1200 ft. Cen ter of mass 
600 ft. back of measuring d rawbar. 28 cars: 1 empLy, 27 loaded. Ki nd of cars: 27 gondola, 1 caboose. Average 
weight pe r car= 66 .40 tons. 

G7 3 4 

R I Section/ 
/ Length l Method Mile Post 

1 I 18.31-117.62 3456 
2 117.62- 116.09 8212 
3 116.09- 115.37 3816 
4 112.20- 111.87 1752 
5 11 1.87- 111.36 2008 
6 11UJ6- 110.80 2968 
7 110.80-110.35 2100 
8 110.35-109.95 2161 
9 109.95- 109.25 3686 

10 109.25- 108. 75 2008 
ll 108.75- 108.36 20;2 
12 107.10- 106.29 4260 

"'"' 13 106.29- 105.00 33:-16 - " o.2 14 105 .00- 104 .98 36;N 
~ '° 15 104.98- 101.42 2944 o,;> 16 HH .42- 103.87 2912 

""" " 17 103.87- 103.45 2240 ocoo 
•z<."e ce 18 )03.45- 103.<» 2184 
""'"" 19 98.05- 97.21 H48 
~;~ 20 97.21 - 96.29 4&;6 e < 21 96.29- 05 . 72 2984 

:::,:: 22 95. 72- 94. 76 5120 -o 23 94.76- 03 .95 428-! 8-5i 2-1 93.95- 93.24 3736 
25 92 48- 91.88 3200 
26 90.90- 90.29 3232 
27 90.29- 89.53 4020 
28 89.53- 88.99 2888 
~'9 88.00- 88.29 8684 
30 88 29- 87.65 3401 
31 87.65- 86.78 4612 
32 86. 78 - 85.86 4848 
33 85.86- 81. 77 5700 
34 84 . 77- 8-1.36 2136 
35 84.36- 8.3 GS 427"2 
36 8.3.55- 83.05 2672 

For complete table beadiol( see 'l':iblc 36. p. 00. 

5 

P ull ,, 

8600 
10000 
12:"-!50 
117o0 
14100 
17800 
10000 
10200 
8550 
7400 
8300 
6200 
G-100 
6300 
7700 

1180() 
:?0700 
24040 
5550 
49.'i() 
3350 
HI()() 
2900 
2500 
4050 
5050 
4850 
5300 
i>l50 
5100 
5600 
7100 
SS.50 

12500 
7400 
6400 

6 

Acee!. 
_,I 

S11eed 
1'1 

22.30 
21.82 
20.27 
28.8.5 
2-1. 78 
16.80 
14.55 
14 .55 
16.25 
24 . 16 
25.30 
28.74 
31.48 
31.62 
27.02 
20.95 
15.35 
11.24 
28.20 
34.43 
3.5 .30 
38.50 
36.10 
34.32 
32.70 
34 .02 
34.32 
33 " ·"" 32.2!) 
31.00 
30.37 
28.62 
26 .00 
25.23 
25.93 
30.13 

8 

$peed 
J'2 

21.82 
20.27 
20.75 
24.78 
16.80 
14.55 
14 .55 
16.2.5 
2-1. 16 
25 .30 
22 .ao 
31.48 
n1.62 
27 .02 
20.95 
15.35 
11.24 
8.70 

34 .43 
35.72 
38.50 
36.10 
34.30 
33 9• ,"i) 

34 .26 
34.32 
33.55 
32.29 
31.00 
30.37 
28.62 
26.60 
25 .2.'I 
25.93 
30.13 
30.80 

I 

Grade 
(; 

+ 0. 15 

t 2.25 
3. 74 

25.00 
+ 29.70 
+ 20.1 1 
+ 16.72 
- 0.98 
- 16.19 
- 7.49 
+ 9 .42 
- 14.87 
- 8.23 

i 7.72 
15.06 
18.85 
29.48 

+31.42 
- 25.77 
- 11.31 
- 29.03 
- 7.53 
- 4 ,93 
- 7.21 
- 11.88 
- 8.66 
- 5.12 
- 0.73 
- 1.43 
- 4 . 19 
+ 1.03 
+ 2.07 

+ 2 .93 
1.98 

- 11.98 
- 6 .32 

I 

10 

Direction 

+75° L 
75° L 

+ 15° L 
90° L 
90° L 

+ so0 L 

+80° L 
80° f, 
90° L 
90° L 
00° L 

I
85° L 
85° L 
85° L 
80° L 
80° L 

i
80° L 
80°L 
75° L 
75° L 

i
75°L 
70° L 
70° L 
70° L 
75° L 
75° L 

+ 75° L 

!7~0 L 
350 I, 
&;• L 
5,,;• L 

+ s.;• L 
90° L 
90° L 
90° L 
90° L 

ll I 12 I 1a 

jveloci ty I Speed / RcsisL-
rr I ,,.Jr 

22 22.00 4.98 
22 20.80 5.07 
2t 20. 80 4.88 
21 26 .60 5.34 
21 20.20 4. S:-l 
19 15 .00 3.58 
19 13.60 3.88 
19 15.00 4 .21 
10 19.31 4 .82 
19 25.40 5.34 
19 2~.60 5.61 
20 30.00 6.3.'I 
20 32.f,O 5.8.3 
20 29.10 5.54 
14 2:1.00 5. 18 
14 18.10 3.97 
14 12.70 3.30 
14 9.30 2.61 
18 31.90 6.76 
18 34.80 6.13 
18 37.00 7.40 
17 38.80 6.28 
17 34.40 5.45 
17 34 .00 5.39 
17 3.H,0 4.03 
17 31.()() 5.57 
17 34 .30 5.44 
17 32.90 5.09 
1:1 31.40 4.98 
13 31.00 5.11 
13 30.00 4. 1:, 
13 26.50 •l.61 
10 27. 10 4 .49 
10 24.20 4 .84 
IO 29.00 4.76 
10 30.40 4.80 

Ul 
0 
to a: 
8 .., 
I 

"'.l 
::ti 
l?i .... 
Q 
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TABLE 62 TEs 'l.' No . S-1073* 

From Champaign to Gilman. May 4, 1909. Weat her: Fair. Temperat ure: 53° F . at sLart, 63° F. at end of test. 
Tota.l weight behind measuring draw-bar = L880 tons excluding t he test car. Train length = 1200 ft. Center or 
mass 600 ft. back of measuring draw-bar. 28 cars: 1 empty, 27 loaded . Kind of cars: 27 gondola , 1 caboose. 
Average weight per car = 67.16 t ons. 

2 3 4 

Method Item I Mile Post 
I 

Section \ 
Lenith 

I 115.97- 115.36 3232 
2 114.71 - 114.21 2648 
3 113.13- 112.53 3176 
4 112.53-111.82 3752 
5 ll l.82- 111.43 20<xl 
6 111.43 - 111.03 2108 
7 11 J.03-110 .57 2396 
8 110.57-109.94 3352 
9 109.91- 109.21 3888 

E< 10 109.21- 108.30 4776 
C I\ 107 .8,5- 107.44 2160 
"' 12 106.68-106.08 3188 
"' "' ,n 13 106.0S-105 .45 3211'2 - " 14 105.45-104 .62 4436 
o .::! 
~ .. 15 104.62- 103 .81 4261 

""'~ 16 103.81- 10:~ .27 2856 
Q,:l<> 17 96 .30- 95.69 3212 
-:;c~ 19 94. 74- 9 1.31 2304 <> .. .. 
~ ~ i> 20 90.56- 811.99 3012 

"'"' 2 1 89.99- 89.48 2088 

s< 22 89.48- 88.74 3900 
23 &!.74- 88.08 3520 

:, 24 87.35- 86.95 2 124 
0 25 86.05- 86.32 3308 0 

26 86.32- 85.78 2876 
27 8.5.78- 85.20 3060 
28 8.5 .20- 84.75 2-116 
29 84 . 75- 84 .30 2372 
30 84 30- 83. 75 2896 
31 83,7:\- 83.13 3281 
32 83. 13- 82.66 24SO 
3.'l 9U.94- 00 .56 2036 
;\4 97.22- 00 .30 4S92 
:l,'j 97.80- 07 .22 3000 

-- - -
• For comple te table headintr see 'l'a ble 36 p. 09. 

5 

Pull 
I:' 

10700 
11000 
9 100 
7500 

10300 
14150 
15800 
Hi()OO 
11250 
8650 
8350 
8:lOO 
7250 
7350 
8500 

10650 
2600 
3000 
800 
750 

3350 
4G()() 
18:;0 

12:!00 
11600 
8400 

11200 
157>00 
10000 
9;,00 
8800 
•WOO 
:{f!'>O 
:i&IO 

Acee!. 
A l 

' 

8 

S peed \ Speed v, V2 

29.80 29 .10 
26.EG 25 .70 
28.0.i ~i. 9() 
32.00 :18.86 
28.86 2:{ .12 
23. 12 10.40 
19.39 17 .11 
17. 11 21.32 
21.33 30. 13 
;lO , 13 29.68 
31.33 3 1.04 
37,70 40.10 
40.10 39.50 
3\UO 34 ,6·! 
:ia.90 29.20 

I ~}.20 21.1 .&l 
37.05 ,JI .~ 

I :io.w 37.90 
I0 .31 t.2.'i6 
12 .70 9.85 
0 .8.5 8.;)j 
8 .57 I I. lo 

10.63 9 . 70 
\).7\l 10.33 

10.:l:1 16 .01 
16.(}I 19 .00 
19.96 16. 48 
10.48 t l .31 
21. :l-l 21 .:-u 
:!7.;k) c'9, 70 
29 .70 :1:?.17> 

"j . 11.; )\I.:\;, 
:1:ux1 ;;7_0.-, 
:11 . -;;) :-;_;_\}(I 

·--- --- -

Grade 
(; 

t 5 .00 
8. 18 

-15.60 
+12.52 
+ 30.60 

+23.00 
19.80 

+ 3.31 
- 16.82 
+ 1.00 
- 1-1 .00 
- )3 . 74 
- 1.60 

tl l. 50 
18 .IH 
3.09 

- 28 .00 
+ 2,7:; 
- 9.8(1 
- 1.77 
- 1.ll2 
- 3. 4:\ 
- 3.:~ 
+ g_ ;,1 
- l. 'i-1 
- 5.87 
+ 16.40 
- 3.12 
- 12.95 
- 5.62 
- 12.i;l 

G. 18 
11.:H 
:! I. 1;, 

10 11 12 

Direction I Vcl<lcil)' I Sp;Jd 

-· 

i
l0° R 12 29.40 
;;o• lt 11 23 .80 
-15° R 14 :lQ.80 
45° R 14 32.00 
15° H 14 25.50 
55° H s ;!().50 

t55• n 8 18 .15 
5-'lo R 8 18 .50 

+ 50° R 12 25,30 
+ 50· :. 1:! ~\ .00 
+ 50° 1t 12 32.70 
+50• ~ 19 30.50 
t 50° 19 •I0.80 

+so•u 19 37.SO 
5-'i• R JI 32. :10 

+ 55° It I 14 24 .00 
t 40° H 17 39.80 
+ :t.',0 R J;? 3U.30 

170• 1{ 6 ti .42 
, 70° R 6 . 11.46 

+ ;~1• H 2 8 .32 

i2~: L 
:1 8 .0 1 
:1 11 . l ~ 

I- o• 0 7 ,(;.', 
+ o• ., 1:l,07 

+15° R 7 18. 17 
5 0 l{, 5 ld,:l(l 

+ 5° R 5 17.20 
+ 15° R 7 2,\. 70 
+ 4;,• R I() 28.00 
-'- l5° R 12 :l0.70 

t,o• H 

' 
6 7 . 7 1 

:N° It 11 :17. IO 
-t :l;;0 ll II :11 .&1 

13 

Resis t­
ance 

fl 

4.64 
4.3 1 
5. 13 
3.78 
3 .79 
3.82 
3.27 
3 .97 
4.40 
4.23 
4 . 49 
5.57 
5.46 
5. 11 
4.33 
4.1\) 
5. 32 
4 .57 
2.87 
2,74 
2 .80 
2 .70 
3.00 
2.99 
3.26 
3.53 
3.32 
4 . 14 
3 . Q(l 
4.33 
,l. "8 
2 .66 
1.95 

,).9() 

---

,... 
11>­o 

,... 
t" 
t" ,... 
z 
0 ,_. 
Ul 

t,:J 
z 
0 
z 
l>l 
t;,J 
:xi ,... 
z 
G') 

t;,J 

>< 
"O 
t;,J 
:xi 

E2 
t;,J 
z 
'"3 
'(fl 
1-3 
;:, .., 
,... 
0 z 



SCHMIDT- FREI GHT TRAIN RESISTANCE 141 
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I I I I I I I I I I I I 
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I I 
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I- IO I 
/1. I 

w I I 

. TEST NO. S-1073. -----
1-1-1--+--!-I-I AVERAGE W E;IGHT PER CAR 67.16 TONS _ - 1-+-1---4--1-1-1 

°:HJ 
~ 8 I T1 I - I 

~ I I 
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I 
I 

~ i-- 6 I 
I- I ~~~ -1- -+-l--+-+-+-ll-l-+-++--l-+-l-l"-l--l--l-+--l-l-lc-+-+-+-+-+-I-,~ i-+-35 
U) 

~ I I 
a: 4 
z 

. " .. " l-l--+--r1-1-l'IELI 
"i,1-1-+-+-.. 1-+-1''9 

( 
a: 
I-

I 
I I 

2 

I 

z,l-,-l1-l:Z4+ .,,J.-..P"'+_-±a:!--F-7~~ .. c1_..=+-++-~•~~l--+-+ -+-+-l--+4 -e-
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FIG. 45 
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~ I ,. TEST NO. S-1074. 

ii I A V ERAGE'. WEIGHT P ER CAR 18.56 TONS 

w 2J 
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I a: 
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-+ A -- ~ -- I~ -- 16 zo 2A -- 20 -- 32. :-- 36 ---
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TABLE 63 TEST No. S-1074* 

From Champaign to Mattoon, May 7 1909. Weather : Fair. Temperature: 45° F. at start, 60° .F. at end of t,est. 
Total weight behind measuringdrawbar=l340 tons, including the test car. 'l'rain Iength = 3180 ft. Center 
of mass 1600 ft. bacl< of measuring draw bar. 81 cars: 81 empty, O loaded. Kind of cars: 79 gondolas, 1 test, 
1 caboose. Average weight per car= 16.56 tons. 

2 

Method i Item I . 
I 
2 
3 
4 

"'"' 5 _., 
6 O" ..... 7 

~~ 8 

"""' 9 
O<O .. 10 ·- .. II .,,,., ... 
gt/lQ,) 12 
<ll" .. 13 s< 14 .=::: 15 oo 

(.)"' 16 
<I) 17 

18 
IQ 

20 
21 

Mile Post 

140.88- 141.71 
141.71-142.84 
142.81-143.77 
143.77-144. 7;l 
144.43-145.35 
145,35-146.21 
146.21- 147 .02 
147.02- 147.81 
147.81 - 148.74 
151.75-152.07 
152.46-152.86 
153.50- 153.88 
100.63-161.44 
161.44- 162.20 
165 .08- 165. 76 
165.76-166.50 
100.50-166. 91 
169 .66- 170.41 
170 .41- 170.82 
170.82-171.00 
171.60- 172.0-i 

J Section I 
J Length J 

I 

4380 
0025 
4930 
3400 
4825 
4600 
42l!O 
4170 
4895 
1640 
2076 
2010 
•1305 
4016 
36.'>8 
3100 
2164 
3936 
2200 
4136 
2256 

• For complete table beading see 'l'able 36. p. 99. 

5 

Pull 
p 

13400 
12'J50 
11000 
11050 
13200 
12600 
10550 
11350 
12050 
7~ 

10000 
10450 
10650 
11300 
14000 
13050 
15000 
13500 
11250 
15100 
23050 

' 

I 

6 

Acee!. 
A 

-I 7 

J Speed 
I v, 

17.43 
16 .l¼ 
16 .:,() 
17.12 
15.46 
16.72 
20.18 
22.35 
21.54 
10.90 
8. 13 

12.50 
17.43 
18.:!8 
13.25 
15.55 
13.50 
15A8 
20.43 
19..16 
IJ.07 

I 

-8 1 
Speed I 

V2 . 
16.35 

I 
16.50 
17.12 
15.46 

I 16.72 
20.18 
22.35 
21. 51 
l i.8:? 
7.82 
8 . 1:1 

11.40 
18.28 
H .30 
15.M 
ta.50 
12.68 
20.43 
\9 .45 
il.07 
7.01 

9 

Grade 
0 

- 4.10 
- 2.88 
- 0 .43 
- 5.41 
- 4.00 
- II 71 
- JU.62 
-10.64 
- 2.81 
+ 0.32 
- 0.76 
- 2. 10 
- I l.53 
+ I.IS 
- 0. 14 
+ 5.06 
+ 9.52 
- 11 .00 
- 3.84 
+ 15.20 
+ 32.78 

I 10 

I Direction 

-80° 1 .. 
--80° L 
-80° L 
-85° L 
- 8,'iO L 
-8.',o T, 
--80° L 
-80• L 
-80° L 

00°L 
-85° r .. 
-85° L 

00° L 
00° L 

+65° L 

~
~L 
• L 

;;o L 

I 

+75° L 

:j:75° L 
75° L 

I II I 12 I 1a 

jve1ocity I 
Spercl I Resist-

y ance 
fl 

II 17.00 12.16 
II 15.<10 10.69 
II 16.80 11.47 
12 16.40 11.a 1 
12 15.20 10.98 
12 17.00 11.8 1 
10 21.00 rn.11 
10 21.00 1:L37 
10 10.:,0 12.25 
12 O.:lO 8.01 
0 7.&l 7.75 

13 I 1.00 9.56 
10 18.2() II.ti() 
10 16.50 10.3.~ 
9 H.60 9.18 
9 14. 70 8.00 
0 12.84 8.:'1:1 
7 17.00 10.96 
7 :!0.00 II. 15 
7 15.23 10.04 
7 9.09 6.75 

..... 

.i:,.. 
N> 

..... 
(" 

t: 
z 
0 ..... 
Ul 

t;:j 
z 
Q ..... z 
t;:j 
t;:j 
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z 
G) 
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~ 
"d 
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~ 
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z 
1-3 
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> 
1-:3 
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TABLE 64 T.KST No. S-1076* 

From Champaign to Gilman, May 11, 1909. Weather: Fair. Temperature 51° F. at start,, 67° F. at end oftest. 
Total weight behind measuring drawbar-1818 tons, excluding the t~st car. Train length-1120 ft. Center of 
mass 500 ft. back of measuring drawbar. 26 cars: 1 empty, 25 loaded. Kind of cars: 25 gondola 1 caboose. 

Average weight per car-69. 92 tons. 

Method 

MOO _., 
o:, 
~~ 

,,-o> 
o""' -~:~ 
~~f 

8< 
~~ 
Oo 
0.c 

IJ} 

-I 2 1 

Fl 
l 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
11 
15 
16 
17 
18 
HI 
2() 
2 1 
22 
23 
24 
25 
26 
27 

• 
Mile Post 

I 

Section I 
Leoe;th 

117.91- lli.15 3976 
117.15-116.10 5588 
116.10- 115.38 3820 
114.77-114.28 2620 
113.24-112.56 3590 
112.56-112.04 ZiOJ 
112.0-1-111·10 4i10 
111.16-1 10.64 2670 
110.64-110.34 15i5 
110.34-109.94 2130 
119.94-109.56 2015 
109.56-109.20 19!0 
109.20- 10&.30 4i00 
106.93-106.26 3.'i50 
106.26- 105.34 4855 
105.34-104 .25 5i80 
104.25-103.65 3180 
103.65-103.16 2580 
98.v6- 07.43 asto 
97 .43- 96. 79 3'104 
00.42- 89.63 ·1204 
87.62- 87.40 1180 
SU~ 88.94 2405 
86 .46- 85. 84 3288 
85.84- 85.21 3344 
8:i 88- 83. OIi 4170 
83.09- 82.40 3652 

* For complete table beaclinlf see '1'o.ble 36. p. 99. 

Pull 
p 

8450 
8700 
8000 

11000 
8900 
7550 

11050 
1425() 
10000 
13650 
]165() 
9000 
7050 
7700 
6250 
7050 
8200 

12250 
2200 
1300 
650 

7250 
2)50 
4950 
2iOO 
7800 
6100 

' 

6 

Acee!. 
.4 

' 

7 

Speed 
VI 

28.52 
28.80 
27 .Bil 
24.78 
25.95 
:l!.60 
30.02 
18.27 
15.()11 
15.25 
19.25 
24. 12 
28.75 
35.26 
38.38 
37.40 
30.98 
23.57 
30.20 
34.75 
24.65 
4.13 
6.9:l 
7 .53 
8.00 

23.00 
25.03 

' 

8 

Speed 
V2 

2$.80 
27 .Sil 
27. 10 
23 .70 
31.00 
30.02 
18.27 
15 .09 
15.25 
19.25 
24. 12 
28 .7.5 
27.92 
38.38 
37.40 
30.45 
23.57 
14,80 
31.7.'; 
3-5. j;) 
23.12 

6 93 
5. 7'! 
8.90 

10.113 
25.03 
27 .21 

9 

Grade 
G 

-

i 0.40 
3.02 
3.87 

+ 7.86 
- 15.60 

t 5 .48 
~- ·o -,. ' 

+ 1s.oo 
+ 13.40 
- 0.99 
- 12.83 
-21.76 
+ 2.70 
-14 .[>5 
- 2 .61 

112.96 
25.08 
30.00 

-26.70 
-11.40 
- 6 .28 
- 2.24 
- :1.01 
- 1.60 
- 5.53 
- 5.~2 
-9. 11 

10 I II I 
Direction IVelocity I 

t 
,-o R ;;go R 
55° K 

i 60° R 
55° R 
55° R 

t 00° R 
!150 R 
65° R + 050 1( 

+ 60° R + 60° R 
+ 60° R + ;~• R 

7:>0 H 
75° R 
'i5° R 
1s0 n 
60° R 
60° R 
50° H, 
45° R 
45° R 
40° H, 
40° R 

. 60° R 
+ 60° R 

19 
19 
19 
18 
21 
21 
17 
13 
13 
13 
17 
17 
17 
16 
16 
16 
16 
16 
28 
28 
16 
5 
5 
6 
6 

21 
21 

12 I 1a 

Speed I Resist-
V ance 

JI 

28.00 
28.20 
27.40 
23.80 
28.00 
31 .so 
22.90 
16.50 
H.30 
17.10 
21.10 
26,40 
29_20 
37.10 
39.00 
34.40 
27.10 
18.50 
32.50 
35.60 
23.00 

4.'::-! 
8. -12 
7.88 

10.&l 
23.70 
26.20 

4,23 
4.32 
4. 13 
1.44 
4.63 
4 .45 
3.,9 
3.50 
3.51 
:l.49 
4.1~ 
4.00 
4.0~ 
5.3-'i 
5.47 
4 .53 
3.00 
3 93 
5.28 
4. 77 
3.93 
3.05 
2.77 
2.86 
3.0-Z 
4.00 
4.69 

Ul 
0 
::Ii 
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8 
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144 ILLINOIS ENGINEERING EXPERIMENT STATION 
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TABLE 65 T gs•r No. S-1077* 

From ChampRign to Mattoon, )lay H, 1909. Weat,her: Fair. Temperature: 64° F . at start, 70° F. at end of test. Total 
weig-ht behind measuring drawbar = 1505 tons, including the test car. Train length = 2145 ft. Center of mass 
930 ft. back of measuring drawbar. 53 cars: 35 empty, 18 loaded. Kind of cars: 37 box, 14 gondola, J t est, 1 
caboose. Arnrage weight per car= 28.40 tons . 

2 

Method Item I Mile Post 
I 

Section I 
J,eogth 

I 139.56-14-0.29 3885 
2 140.2!>---141.04 3930 
3 141.04-142.03 5785 
4 142. 13-142.85 3800 
5 142,8,;,-143.65 4195 

I 
., 6 143.65--144 . 07 2200 "'., 7 J46.0S-J47 .07 5235 -::s 

8 147.07-148.03 5555 o-~« 9 148.13-148 .62 2630 .,,> 
""'., 10 149.09-149.53 2350 
-~~~ 11 150.1 1-150.98 4565 

12 150.98-151.79 4310 .,.,, .. 
13 IM.S-i-155 50 3620 ., <I)., 

<Ile"' 14 155.50-156.11 3190 a< 15 156. 11-156.65 2900 
.::~ 16 156.65- 157.79 ' 284-0 
8~ 17 158.01- 158.66 3440 

18 164.89-165. 17 1484 
19 165.17- 165.63 2456 
20 165.63-166.01 2036 
21 lfl6.21-J66.53 .1664 
22 166.53-166.87 1812 
23 1136.87-167.23 1876 

• F or complete table beadior.r see •rable 36, p. 99. 

6 

Pull 
I' 

8000 
8650 
9000 
8850 
8000 
7700 
7000 
7350 
7350 
8350 
8100 
8750 

10300 
11400 
12450 
12650 
11000 
6950 
4950 
7000 

15000 
13500 
12650 

6 

Acee!. 
A 

7 

Speed 
Vl 

22.56 
22.18 
2.3.05 
21.33 
23.20 
25.15 
27.31 
31.55 
31.20 
27.76 
27 .09 
25.35 
2-2.45 
19.70 
17.25 
16.42 
18.27 
10.90 
10. 18 
7.98 
8.57 

10.17 
10.33 

Speed 
V2 

22. 18 
23.05 
21 .33 
23.20 
25. 15 
25.40 
31.55 
31.20 
29 .27 
26 . ?-i 
25.35 
25 .45 
19.70 
17.25 
16.42 
16.19 
21.52 
JO.JS 
7.98 
7.22 

10. 17 
10.33 
11.55 

9 

Grade 
G 

- 4.10 
- 7.(lO 
-0.70 
- 7 .2t) 
- 9 .21) 
- 7.00 
-18.90 
-8.CO 
+uo 
- 0 .20 
- o.30 
- 0 .30 

t 7 .90 
9.60 
9.50 

+ 7.10 
- 4 .90 
- 15.20 
- 0.40 
- 2.00 

+10.80 
0 .30 + 5.10 

--·--- -

I 

10 I! 12 13 

Dircc~ion 

1

1Vclocity I Speed I Resist-I v I anfie 

-6.;• R 14 22.00 1.ii 
-65•R 14 22.30 7 . 70 
- 65° R 14 21.90 7.18 
--6.'10 R 13 21.70 7.08 
- 65° R 13 23.80 7.26 
-oo•R 13 25.00 7 .37 
-75° R 19 29.75 8 .47 
-75° R 19 31.60 8 .42 
- 75° H 19 29 .90 7.47 
-75° R 13 26 .70 7.33 
- 75° u. 13 25 .90 6.90 
-75° R 13 24.50 6.65 
-55° R 12 20.50 6.09 
- 55° R 12 18.10 5.94 
- ss• n 12 16.40 5.35 
-55° R 12 16.10 5.90 
- 65° R 12 19.50 6.53 
-30° R 8 10.40 4.66 
-30° R 8 8.80 4.59 
-30° R 8 7.80 4. 46 
-25°R 10 9.40 4.00 
-25°R JO IO.c!O 5 .31 
- 25°R 10 10.70 5.-18 

(/) 
0 
ti: 
~ 
t;j 
>-3 

I 
l:ij 
:;.:I 
l'i .... 
0 
ti: 
>-3 

>-3 
:;.:I 
> z 
:;.:I 
t7:J 
(/) .... 
(/) 
>-3 
> 
!Z 
0 
t.%J 

..... 
"'" at 



TABLE 66 TEST No . S-1079* 

From 91iampais-n to Gilman, May 18, 1909. Weather: Fair . Temperature: 65° F . a.tstart, 68° F . at end of test. Tota.I 
weight behmd measuring drawb:i.r =1685 tons, excluding the test car. T rain length= 2070 f t. Center of mass 
1015 ft. ba.ck of measuring dra.wbar. 51 ca.rs: 14 empty, 37 loacted. Kind of cars: 45 box, 5 gondola, 1 caboose 
Average weight per car= 33.04 tons. 

I 2 I 3 i 

Method I Item I Mile Post I Sect ion I 
Lenirth 

I 

1 118.0i-117 .31 3850 

I 
2 117.31- 115.99 7035 
3 115.99-115.34 3440 
4 I 12.9-.l--ll2.48 2305 
5 112.48-111.82 3400 
6 l 1 l.82-11 l.37 2380 
7 111.37-110.7\l 3070 
8 110.~110.16 3310 

" 9 I I0.1&-109.83 1760 0 10 109.83-109.21 3310 .= 
V, 11 109.21-108.30 4800 
"'V, 12 106.81-106.IO 3250 -" 13 106.20-105.56 3375 

C S.E l4 105.S&-104.96 3180 
.!=~~ 15 104.96-104.44 2740 
~g cu 16 104.44- 103.87 8050 ., .... 17 103.87- 103.48 2053 

1./'JJ.Of .18 103.48- 103.06 22•10 ., ., 
19 10-2.29- 101.5,5 3905 

""' 8< 20 101.55- 100.48 5685 
::, 21 100.48- 99.73 3980 
0 22 99. 73- 08.87 4530 
0 23 98. 87- 08 .00 4614 

24 98.00- 97 .31 3616 
25 94 .. 59- 93 . 65 4970 
26 88.97- 88.11 4506 
27 88.11- 87.22 4748 
28 87,22--- 86.76 2428 
29 86.32- 85.81 26<15 
30 84.17- 83.39 4150 
31 83.39- 82.46 49-20 

• For complete table headinir see Table 36. p. 99. 

5 

Pull 
p 

10050 
9700 

l2;i()() 
10S50 
8950 

14200 
18550 
19750 
15000 
0500 
6450 
7040 
5150 
7750 

11750 
13500 
17900 
2-22.'i() 
11650 
12650 
12400 
9350 

11050 
8650 
2700 
4850 
3700 
3100 
6<150 

10S50 
8600 

I 

6 

Acee!, 
A. 

I 

7 

Speed 
Vi 

22.44 
22 .04 
19.24 
25.00 
28.27 
23.62 
16.10 
13.45 
15.63 
18.65 
24 .92 
28.98 
30.73 
30.10 
25.82 
22.20 
17.98 
12.94 
22.10 
26.60 

. 22.70 
31 .34 
31.53 
35.60 
34.60 
10.10 
10.10 
10.10 
6.00 

20.12 
25 .95 

8 

Speed 
V2 

22.04 
19.24 
19.96 
28.27 
23.62 
16.10 
13.45 
15.63 
18.65 
24.92 
22.30 
30.TJ 
30.10 
25.82 
22 .20 
17.98 
12.94 
9.5-1 

26.eo 
22.70 
31.34 
31.53 
35.70 
40.45 
32.00 
10 .10 
JO.JO 
5.00 
8.42 

25.95 
28.75 

g 

Grade 
G 

i 0 .14 
2.56 
3.60 

-14.90 

i 0.40 
29.70 
21.80 

+ 14.00 
- 1.70 
-16.90 
- 1.00 
- 14 .30 
- 7 .50 

I 
7.80 

14.60 
16.80 
28.00 
32.10 

- 8 .50 
+ 10.30 
-19.50 
- 2.60 
-12.60 
- 26.30 
- 7.40 
- 2.30 
- 3.30 
+ 2 .60 
- 1.40 
- 9 70 
- 9. 20 

I 

10 I 11 J 12 I 1a 

DirecUon lvelocity I !;peed I Resist-V ance 
R 

I85°R 20 21.80 6.23 
85° R 20 20.00 5.93 
ro0 R 20 19.50 5.48 
70° R 21 26.20 6.63 

+10•R 21 26. 50 6 .57 

i
70° R 21 19.10 5.94 
70° R 21 13.50 4.51 
80° R 19 13.25 5.07 
80° R 19 17. 15 5.45 

i
80°R 19 21.50 6.29 
80° R 19 24.20 6.01 
80° R 20 29.60 7.36 
80° R 2() 30.70 6.70 
so• R 20 27.20 6 .89 
80°R 20 23.40 5 .85 

~
•R 15 19.80 5.52 
•a 15 14. 75 5.31 

+ss•R 15 J0. 5,5 3.40 
+ 75° R 23 25.40 6.21 
+ 15° R 23 23.50 5.97 
+ 1s0 R 23 25.00 6.56 

~
• R 23 32.60 6.36 
•a 23 31.50 7.09 

:j:65° R 23 37.00 8.00 
65° R 16 32.30 6 .0-2 

- 85° R 9 9 .17 3.75 
- 85° R 9 ll.80 3.45 
-85° R 9 8.70 3.06 

90° R 8 

I 
6.95 3.44 

:j:15• a 16 23.50 5.42 
15° R. 16 26.90 6 .42 

.... 
>I>,. 
0, 

~ .... z 
0 .... 
Ul 

l%J z 
Q .... 
z 
l".I 
l%J 

~ z 
0 

t.'i 
~ 
"C 
gJ 
.... a: 
t.'i z 
>-3 
Ul ,., 
~ 
0 z 
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I 7 7 7 1 I I I I I I I I 
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~ 
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TABLE 67 T EST No. S-1080* 

From Champaign to Mattoon, May 21, 1909. Weather: Fair. Temperature: 50° F . at start., 70° F. at end of test. 
Total weight behind measurin~ drawbar = 1347 tons, including the test car. Train length= 2550 ft. Center 
of mass 920 ft. back of mea.surrng drawbar. 1$3 cars: 57 empty, 6 loaded. Kind of cars: 8 box, 53 gondola, 1 test, 
1 caboose. AYerage weight per car= 21.40 tons. 

Method 

~ 
0 
.c ,,, 

"'"' -., 
.,£~ 
00>;> 
·;; 'C a) gc., 
C/l d d .,., .. 

~f 
s< 
:;, 
0 
0 

-I 2 1 

llt~m I 

1 
2 
3 
4 
5 
6 
7 
8 
9 

JO 
ll 
12 
18 
19 
20 
21 
22 
23 
2-1 
25 
26 
27 
28 
29 
30 
3 1 
32 
35 

Mile Post 

139.61-140.3,l 
140.34-140.9'2 
140.92-141 71 
142.67-143.09 
143. 09-143. 52 
143.52--144.42 
145.29-146.21 
.146.21-146.73 
146.7'3-147.27 
147.27-147.81 
147 .81-148.35 
148.35-148.73· 
159.23-159.58 
159.58-100.56 
161 .33-162. 18 
162. 18-163.25 
161.9,- 165.65 
165.81-166.23 
lfl6 .41-ll'l6.90 
166.90-167.31 
168. 2&--168. 71 
168.71- 169.29 
J 09. 29-IU9. 60 
170.83-171.48 
171.48-171.75 
171.75--171.95 
160.56-161.33 
14.2.28-142.67 

I 
Section I 
Length 

3872 
30-14 
4192 
2lll6 
2300 
4752 
4828 
2748 
2868 
2888 
2820 
20-20 
1844 
5200 
4500 
52-14 
3580 
2212 
258-l 
219'2 
e:148 
3000 
1628 
3424 
1420 
1080 
40-14 
2060 

• For complete table headinll' see Table 86. p. 99. 

5 

Pull 
p 

l 1150 
11100 
10700 
10700 
10500 
10050 
10100 
9850 
9400 
11-150 
9650 

10300 
12250 
12100 
91()() 

10800 
6050 
9000 

1185() 
107.',0 
16850 
16050 
13650 
12100 
l7(l()() 
20000 
9100 

12000 

Accel. 
A 

' ' 

Speed 
VI 

22.02 
22.70 
24.23 
24.50 
26. JO 
Zi.08 
26.97 
30.13 
32.35 
33.25 
33.03 
31.90 
21.00 
20,7;) 
21 .22 
23 56 
8 82 
6 . 12 
7.52 
7.52 

13,95 
13.28 
16.50 
23.55 
17.20 
13.70 
25. 16 
23 .28 

8 

Speed 
)12 

22.70 
24.23 
23.82 
26. 10 
27.08 
26.97 
30. 13 
32.3.~ 
33.2.5 
33.03 
31.90 
30.62 
;!().75 
25. rn 
23.56 
23A2 

7.22 
5 82 
7.52 
9.20 

13.28 
16.50 
17.90 
17.20 
13.70 
JI.SO 
27.22 
24.50 

' 

9 

Grade 
0 

- 4.09 
- 7.12 
- :1.39 
- 9.38 
- 9.42 
- 5.11 
- 13.67 
-19.61 

15. 10 
- 8.:13 
- 3 37 
+ 2.61 
+ 7. 16 

5.48 
+ 2.46 
- 0.81 

0.00 

:j: 6 .68 
9.61 

t 3.85 
15.97 

I 0.21 
0 .97 

18.65 
32.7'2 

+ 33.74 
-10.00 
- 7.44 

10 

Direction 

' 

:j:30° L 
30° L 

:j:30°L 
25° L 

+ 25' L 
+ 25°L 
+25° L 
+ %5° L 
+ 25°L 
+ oo 
+ 13° L 

ll3° L 
-15° L 
45° L 

+40°L 
40° L 

+ 15°L 
+ t5° L 
+ 1s0 L 

:j:l5° L 
20° L 

t 20oL 
20° L 

+15°L 
15° L 

+ t5° L 

+40° L 
25° L 

I 
11 

I 

I Velocity,\ 

' 12 
12 
12 
11 
ll 
11 
II 
11 
II 
12 
IO 
10 
I I 
II 
II 
II 
12 
12 
12 
12 
12 
12 
12 
ll 
11 
II 
11 
11 

12 

Speed 
V 

22.00 
23.07 
23.82 
24 .95 
26. 14 
27.00 
27.42 
31.23 
32.00 
32.81 
32.05 
30.60 
20.00 
21.50 
25.56 
22.3-j 
8. 14 
6.28 
7 .34 
8 .30 

13.34 
M.40 
17.08 
20.30 
14.00 
12.27 
26.27 
23.41 

13 

Resist• 
ance 

11 

9.27 
9.2.'\ 
9 .20 
8.86 
9 .75 
9.49 

10.00 
11 .13 
11.22 
10.49 
JO.SI 
9.50 
8.29 
8-28 
8.79 
8.42 
5.00 
4.27 
5 . 16 
5.00 
7.01 
7.30 
7.64 
7.33 
6 .12 
5.28 
9 .00 
9. i i 

~ 
.i:,.. 
00 

..... 
t" 
~ z 
0 ..... 
[fl 

t=J 
z 
G:l 

~ 
t=J 
t=J 
;rj 
H z 
G} 

t=J 
>< 
'il 
t=J 
~ 

i 
l:t; 
z 
>-, 

[fl 
f--1 ;,: 
i-> 
>-< 
0 
z 
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APPENDIX 6 

EXACT COORDINATES FOR THE C URVES OF FIG. 10 AND 11. 

The original drawings from which Fig. 10 and 11 have been 
reproduced were drawn to a scale about twice as great as that of 
the cuts shown in the report. F rom these original drawings, the 
values of the coordinates of the various curves of both figures 
have been determined as accurately as possible; and these values 
are presented in Tables 68 and 69. 

The curves of Fig. 10 (and of Fig. 3 to 9) may be accurately 
reproduced by the use of Table 68; the curves of Fig. 11 may be 
reproduced from the values given in Table 69. The tables are 
presented merely to permit the accurate reproduction, to any 
scale, of the curves of the report; they are not intended for use 
in determining values of resistance. For the latter purpose Table 
3 is more convenient and sufficiently accurate. 
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TABLE 68 

VALUES OF RESIS1'ANCE FOR '.rRAINS OF VARIOUS AVERAGE CAR WEIGH'l'S 
AND F OR DIFFERENT SPEEDS 

This table presents the co-ordinates or the original curves from which 
F igures 3 to 9 and Figure 10 were reproduced. 

Train Resistance-Pounds Per Ton 

Average Avera.r e 
Weight Column Headings Indicate the Various Speeds Weieht 
Per Car Per Car 

tons 

I m. ~- b. I m.~ b. 1 m. ~- h. Im. ! h. 1 m . ~~ b. Im. : h . 

tons 
5 

m. p. h 

15 7.62 8.20 8.81 9.56 10.37 11.24 12.25 15 
16 7.44 8.00 8.61 9.34 10. 13 10 .98 11.95 16 
18 7. 10 7.63 8.22 8.92 9.68 10.47 11.39 18 
20 6.77 7.30 7.85 8 .53 9.26 10.00 10.89 20 
22 6 .45 6.97 7.40 8 . 16 8.!H 9.56 10.41 22 
2-1 6. 16 6.64 7.14 7.79 8.46 9 .16 9.94 24 

25 6 .02 6.50 6.98 7.62 8.28 8.95 9 .72 25 
26 5,88 6.35 6.81 7.44 8.10 8.77 9.52 26 
28 5 .61 G.07 6 .51 7.11 7.76 8.40 9.12 28 
30 5.38 5.80 6 .23 6.80 7.43 8.05 8.75 30 
32 5.13 5.54 5.98 6.51 7.12 7.72 8.40 32 
34 4.92 5.31 5.72 6.24 6.82 7 .40 8 .06 34 

35 4.82 5.20 5.61 G.11 6.68 7.26 7.91 35 
36 4. 72 5.10 5.50 5.99 6.55 7. II 7.77 S6 
38 4.55 4.90 5.28 5.74 6 .29 6.S'd 7.48 38 
40 4.38 4.70 5.06 5.50 6.03 6 ,57 7.20 40 
42 4 .22 4.52 4.88 5.29 5 .80 6.32 6.95 42 
44 4.08 4.38 4.70 5 .09 5.59 6.10 6.71 44 

45 4.01 4.30 4 .61 4.99 5.49 6.00 6.60 45 
46 3.95 4.21 4.52 4.90 5 .38 5.90 6.49 411 
48 3.82 4.08 4.38 4.71 5.20 5.71 6.28 4~ 
50 3.72 3.96 4.24 4.56 5.03 5 .52 6.10 50 
52 3.61 3 .S.5 4.1 1 4.42 4.88 5.36 5.91 52 
54 3.52 3.75 3.99 4.30 4.74 5.20 5.74 54 

55 3.48 3.71 3.94 4.25 4 .68 5.12 5.67 55 
56 3.43 3.67 3.00 4.20 4.62 5 .05 5.60 56 
58 3.37 3.58 3.81 4. 10 4.50 4 .93 5.47 58 
60 3.30 3.50 3.73 4.02 4.42 4.83 5.36 60 
62 3.23 3.44 3.67 3,97 4.34 4 .74 5.27 62 
64 3.18 3.39 3.00 3.90 4.29 4.68 5. 18 64 

65 3.15 3.36 3 .58 3.88 4.25 4.64 5.14 65 
66 3.]2 3.32 3 .55 3.85 4.22 4.61 5. 11 66 
68 3.09 3.30 3.50 3.80 4. 18 4 .57 5.06 68 
70 3.05 3.26 3.47 3.76 4.13 4 .52 5.01 70 
72 3.0-2 3.22 a.« 3.7'3 4. IO 4 .40 4.98 72 
74 3.01 3.19 3.42 3 .71 4.08 4.48 4.~ 74 

75 3.00 3. 18 3.41 a .10 4.07 4.47 4.91 75 
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TABLE 69 

VALUES OF RESIS'rANCE AT VARIOUS SPEEDS AND FOR TRAINS OF D IFFER­

ENT AVERAGE .WEIGHTS PER CAR 

T his table presents the co-ordinates of the original curves from which 
I<'ig. 11 i s reproduced 

Speed I 
Train Resistance-Pounds Per 'ron 

Speed 
miles Column Headings Indicate tbc Avcrngo ',Veii:hts Pe,· Car miles 
pe1· per 
hour bour 

IS I 20 I 25 I 30 I 35 I iO I i S I 60 I 55 I 60 I 65 I 70 I 75 tons tons tons tons tons tons tons tons tons tons tons tons tons 

5 7.62 6.77 6.0-~ 5.38 4.82 4,39 4,01 3. 72 3.49 3.30 8,]6 a.os I 3.oo 5 
6 7. 7'.l 6.86 6 . 12 5.46 4.00 4.43 4.07 3.77 3.52 3.3:l 3.19 3 .08 3.03 6 
7 7.83 6 .97 6 . 21 5.53 ·I.OS 4.50 4. 12 3.81 3.56 3.37 3.23 3. 12 3.07 7 
8 7.96 7.06 6.31 5 .62 5.01 4.57 4.18 3.86 3.60 3.40 3.26 3.16 3. 10 8 
9 8.07 7, 18 6.40 5. 71 5.1 1 4.62 4 .22 3.90 3 .6'1 3.44 :J.30 3.20 3 .13 9 

10 8.19 7.29 6.50 5.80 5.20 4.69 4.28 3.96 3.69 3.49 3.34 3.24 3.18 JO 
II 8.30 7.40 6.60 5.90 5.29 4.76 4 .33 4.00 3.T.1 3.52 3 .38 3 . 29 3 .21 II 
12 8.42 7.51 6.71 5.98 5.37 4 .83 4.'10 4.(}l 3. 78 3.58 3.42 3.33 3 .26 12 
13 8.56 7 .63 6.81 6.08 5.46 4.90 4.47 4.11 3.83 3.62 3.47 3.38 3 .31 13 
14 8.70 7 .76 6.92 6.18 5.53 4.98 4.53 4,18 3.89 3.68 3,52 3 .43 3.36 H 
15 8.82 7.88 7 .01 6.28 5.61 5.06 4.60 4.24 3.9-1 3 73 3.57 3 .48 3,41 15 
16 8.98 8.00 7.12 6.39 5.7a 5.13 4.68 4.31 4.00 3.80 3.62 s.53 I s.41 16 
17 9.10 8.13 7 .24 6. 49 5.82 5.23 4.75 4.38 4.05 3.86 3 .68 3 ,60 3.52 17 
18 9.25 B.27 7.37 6.60 5.92 5.32 4.83 4.45 ·1.12 3.92 3.74 3.66 3.58 18 
19 9.40 8.40 7,49 6, 71 6.01 5.41 4.91 4.52 4.19 3.98 3 .81 3. 72 3.64 19 
20 9.56 8.53 7.60 6.82 6. 11 5 .50 5.00 4.60 4.27 4 .04 3.88 3. 79 3.71 20 
21 9.71 8 .69 7.72 6.93 6.22 5.60 5.08 4.69 4.32 4.11 3.9-1 3 .85 3.78 21 
:?2 9.88 8.82 7.86 7.03 6.33 5.70 5.17 4.78 4 .41 4, 18 4.00 3.92 3.84 22 
23 10.02 8.97 7.91l 7.14 6.44 5.80 5 .27 4.86 4.49 4 .25 4.07 3.99 3.92 28 
24 10.20 9.1 1 8.11 7.27 6.55 5.90 5.37 4. 9-1 4 .58 4.33 4. 15 4.06 3 .98 24 
25 10.37 9.26 8.25 7.40 6 .67 6.01 5.46 5 .03 4.66 4.41 4.23 4.13 4 .04 25 
26 10 .52 9.42 8.38 7.52 6.71) 6.11 5 .57 5.12 4.75 4.50 4.31 4. t l 4.12 26 
27 10.71 9 .57 8.51 7 .65 6.91 6.21 5.67 5 1)-) 4.83 4.58 4 ,40 4,29 t .20 27 
28 10.89 9.72 8.67 7.78 7.01 6.33 5.78 5.32 4.92 4.67 4.48 4.38 4 .29 28 
29 11.06 9.89 8.81 7 .91 7,12 6 .45 5.88 5.43 5 .01 4.76 4,57 4 .46 4.36 29 
30 l 1.25 10.03 8.00 8.04 7.26 6 .58 5 .IJIJ 5.53 5. 11 4 .86 4.66 4.53 4,45 30 
31 11.4:l 10 .20 9.10 8. 18 7 .39 6.71 6 10 5.64 5.21 4.95 4.75 4.63 4.53 31 
32 11.63 10 .37 9.26 8 . 31 7.51 6.83 6.21 5.76 5.32 5.04 4.85 4.73 4 .62 32 
33 II .84 10.53 9.41 8 .46 7.63 6.96 6.33 5 ,87 5.43 5.15 4.95 4.83 4 ,72 33 
34 12.01 10.71 9.57 8.60 7 .78 7.08 6 .47 5.99 5.54 5.26 5.05 4.9t 4 .82 34 
35 12.25 10.89 9.72 8. 75 7.91 7.20 6.60 6.10 5.6'/ 5.86 5 .16 5.01 4.92 35 
36 12.47 11 .o; 9.89 8 .00 8.04 7.35 6.73 6.23 5.78 5.48 5.27 5.12 5.01 36 
37 12.69 11 .23 10.0~ 9.04 8.19 7.49 6 .87 6.36 5.90 5.59 5.38 5.22 5.12 37 
38 12.91 11 .42 10.~ I 9.20 8.33 7.64 7.00 6.49 6.02 5.71 5. 48 5.33 5.22 38 
39 la. 12 II .61 10.39 9.36 8.48 7.79 7 .13 6.63 0.15 5.83 5.60 5.44 5.33 39 
40 13.35 Ii.SO 10.55 9.51 8.62 7.93 7.29 6.78 6.28 5 .95 5.72 5.55 5.45 40 

---
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