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R =--------h 1.5 = Resistance per ton
W

or R = 100+ 1.5W = Resistance per car. 

Using M. Barbier’s general formula 
R = C + C,V + C2V2

or as re-arranged by the Railroad Gazette in 1897,

By W. F. Kiesel, Jr.

The bulletin on train resistance prepared by Prof. E. C. 
Schmidt and recently issued by the University of Illinois, de
scribing tests with freight cars, adds much to assist in final
ly determining a general formula on train resistance of value 
to engineers, even though the author of the work has 
attempted to develop a formula generally applicable to all 
cars

Cl

not R = C + C3V (V +------)
C,. A study of this subject fox the past ten years, or

more, has permitted me to gradually develop a formula, the 
results of which agree very closely with those of the careful 
tests described by Prof. Schmidt.

where
V = speed in miles per hour, 

100
and substituting the value ------ + 1.5 for C,

In the April, 1897, number of the Revue Generale des 
Chemins de Fer, M. Barbier, of the Chemin de fer nu Nord, 
presented formulae for train resistance, which, in construc
tion, have been followed by nearly all other investigators. In 
the Railroad Gazette of May 21, 1897, M. Barbier’s formulae 
were discussed, compared with others, and transformed into 
formulae with English measurements, as follows:

(V + 30.8)

W
C

making C3 ------  and C, ------ the formula becomes :
C2 C2

V (V + CJ100
R =------+ 1% +

w C<
The values of -C3 and C, in the third term represent air re
sistance and all other resistances depended on speed and 
had to be empirically determined ; they have been gradually 
modified due to a study of the tests and experiments of the 
past ten years. For best average results C3 = 16, and C„ = 

These tests also indicate that the third or average 
speed term varies as the square root of W, which gives for 
resistance per

For rigid axles: R = 3.2 + 2.5V
1000

(V + 6.08)
For truck axles : R = 3.2 + 2.5V

100.1000
Attention is directed to the fact that the composition of 

the train, the number of 
have not been considered.

car :cars, and- the total train weight 
In June, 1899, the Pennsylvania 

Railroad test department made some careful tests with empty 
and loaded freight cars, whose weights varied from 13 tons 
to 75 tons. These cars were in good condition and the most 
careful records were taken. The results clearly demonstrat
ed that the resistance

R = 100+ 1% w + .01 v (v + 16) vw
The resistance per ton will be this value divided by W, or

V (V + 16)100
R =------+ 1% +

W 100 VW
per ton at very slow speeds decreased 

The following formula ex-
lf W, is made to represent the total weight of the train back 
of the tender, and N the number of cars, then :

R = 100N + 1% Wj + .01 V (V + 16) VW,N 
This formula gives good average results for solid trains, in
cluding passenger trains with open platforms. For mixed 
freight trains having various kinds of cars, which increase 
the air resistance, the denominator of the speed term should 
be changed from

as the weight per car increased.
presses the results very closely :

80
R = ------ + 1.1

W
R = resistance in pounds per ton, and W= car weight in tons.

Comparison with tests made since indicate 
average freight cars are not in as good- condition as those 
used in the test referred to, and that some allowance should 
also be made for variations in weather. Changing coeffici
ents to conform, the formula reads:

that the 100 to 90, or possibly 85.
For vestibuled passenger trains, presenting a rather 

smooth surface, the air resistance will be less, and the de
nominator of the speed term may be increased to 
in exceptional

no, or, 
For ready comparison withcases, to 120.

"From Railway Age Gazette.


