Effect of
Track Stiffness on Vehicle
Rolling Resistance — . — . . — . —

One of the benefits recently claimed for AAR TRACK LABORATORY
concrete tie track is its increased track stiff- 19 -
ness or modulus This refers to the fact that 18
for concrete tie track, the deflection under
load, or stiffness,’ is greater than for corre-
sponding wood tie track. This behavior has
been examined in the past’ and has been the
subject of recent additional tests by the
Association of American Railroads.’ Fig. |

TRACK MODULUS (LB/IN/IN)
{Thousands)

presents the results of this most recent set .
of tests carried out at the AAR’s track labo- =
ratory. As can be seen in this figure, the ::W_
modulus of concrete tie track is three to five 4 -\\\‘
times greater than for corresponding wood 3
tie track, under the test conditions reported D A S
in Reference 3. LEVEL OF COKSOLIDATION {MGT)
[ CONCRETE + wOOL | < WOOD 2 (RETAMPED)

Associated with this increase in track
stiffness is a corresponding decrease in ve-  Figure 1 — Vertical Track Modulus Tests
hicle rolling resistance.” This specific roll-

ing resistance behavior is associated with the deflection of the MALLING RESTSTANCE TESTS

track under a passing wheel and the associated energy required to 106 TIE TAAEE

overcome this deflection.” Thus, in the case of stiffer track, i.e., e — - 2le7er + oovoraever D25 Ho¥
track with a larger track modulus, the corresponding track deflec- o = T - 22556 + 000Gk 0,75 bor
tion under load is less and the associated rolling resistance compo- bl e
nent due to that track deflection, is likewise smaller. — — PR = 1.9554 + 0.00BxVAY 2.00 usT

Tests at the AAR’s track laboratory examined the effect of this w -
increased track stiffness on the rolling resistance of the track
laboratory’s track vehicle. The results are presented in Fig. 2 for
the first series of wood tie track tests and Fig. 3 for the corre-
sponding concrete tie tests. Comparing these two sets of results
indicates that the rolling resistance under concrete tie track was 0.5
to 1.5 Ib./ton less than that under wood tie track. However, subse-
quent tie tests, in which the ties were retamped to increase their
stiffness, did not produce the same significant differences between
the rolling resistances of the wood and the concrete tie tracks.’
Note that these tests were low speed tests, carried out in the range
of 3 1o 12 fi/sec. (2 to 8 mph). Behavior at higher operating speeds -~
was not examined in these tests because of the operational [imita-
tions at the track laboratory.

These results should be examined in light of earlier work '3 L '9 ',2 ',5
(1937) by the American Railway Engineering Association on the Velocity {ft/sec)
effect of track deflection on train resistance.® These AREA studies
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Figure 2-— First wood tie rofling resistance values
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resulted in the development of an equation for the track
deflection component of the rolling resistance.* This
equation was as follows:

R = 0.0145 = P
where:

R = rolling resistance due to track deflection (Ib./ton)

P = average wheel load, in Ib.

1= rail moment of inertia and

u = track modulus in Ib./in/in

Using the values obtained by the AAR track labora-
tory tests® in this equation, allows for the calculation of
the rolling resistance component due to track deflection.

These resulis are presented in Fig. 4. It must be noted

that the rolling resistance values for the wood and con-

crete tie track in Fig. 4 can not be directly compared with
those values in Figs. 2 and 3, because they represent the
track deflection component of rolling resistance, while

Figs. 2 and 3 present the “total” rolling resistance values

{to include wheel/rail friction, as well as other additional

factors). However, the difference between the two sets of

values, i.e. wood and concrete, can be directly compared,
since all of the other factors are held constant in the two
sets of tests. Thus, comparing the differences in rolling
resistance values, the AREA formula derived differences
are shown to be between 0.4 and 0.7 Ib./ton (Fig. 4) com-
pared to the differences of 0.5 to 1.5 noted previously for
the initial test results (Figs. 2 and 3). These results appear
to compare quite favorably, thus suggesting that the
rolling resistance difference is in the order of 0.5 Ib./ton.
Such a difference in rolling resistance would result
in an increased train resistance of approximately 5000 Lb.
for a 10,000 ton unit train. While the actual fuel penalty
associated with this increased resistance is a function of
many factors, including speed, operating characteristics,
locomotive efficiency, etc., it would be of the order of

I gal. of additional fuel per mile for each additional 5000

Ib. of rolling resistance. Thus, an increase in track stiff-

ness appears to result in a decrease in track related

rolling resistance, and associated power (and fuel)

requirements .
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ROLLING AESISTANCE TESTS
CONCRETE TIE TRACK

AR = 1,B033 + D.G023xVev 4.0
— — AR = {,B0B5 + 0,0012XVEY 0.2
— — A = 18484 + 0.0011xVsY 0,5
———— AR = 1.4D22 + 0.0018x¥xV 0.75 HET
——-—— AR = 1.4280 + 0,00f4xvxY 1,0l
AR = 1.615E + D.0016uYxY 1.5
RA = 1.5137 + 0,00§GAVEY 2.0
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Figure 3 —- Concrete tie rolling resistance values.
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