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Rail roll appears to be due to several distinet causes such as rail twisting, rail
rigid body rotation, and in the case of large axi:  forees, even local buckling of the
rail (as opposed to gross track buckling which is an alignment, not a gage-widening
problem). Furthermore, rail roll is a cumulative result, whereby initial rail twist
gives a greater cccentricity to vertical wheel loads, which when combined with high
lateral or combination of high lateral and longitudinal loads, result in spike pullout,
tic erushing, rail head bending, and altimately rail overturing.

It is the purpose of the following sections to present a survey of the analytical,
oxperimental, and field investigations performed in the area of rail roll, in order to

establish the state of the art in this problem area. Readers desiving more specific
details are referred to the referenced papers.

HISTORICAL BACKGROUND
The historical ovolution of the railroad track is well documented (20). During
the 19th Century, the cross-tie track gradually eame into its own, and with the
constantly increasing wheel loads and train speeds the problem of lateral and vertical
movement of the rail relative to the tie became important,

In 1875, IE. Winkler (46) presented test data on the resistance of spikes, of

various sh:  ; and patterns, to pullo . e then postulated a relationship between

the pullout foree P and the surface arca of the spike embedded in the tie, f, as:
P=A-f

where A is an experimentally  determined constant (for oak, A = 50 kg/cm”).

Winkler also presented results of gage-widening tests conducted on k led and
unloaded track for various spike and plate configurations by M. M. Weber in the
mid 19th Century. The displacement measurements, however, were restricted to
the gage widening at the rail head.

In 1899, A. Wasiutynski (45) pointed out that the lateral deflection of the rail

ad is due to two independent causes: rail rotation and rail translation. Wasiotynski

stated that rail rotation is due to crushing of the tie aloong the field edge of the tie
plate, which results in rigid body rotation of the rail. Lateral displacements at the
rail head, of up to 1.5 mm (0.06 in.) were attributed to this rotation.

The equation

s 1"l = s (14 6 (a [F) h/20) )
b

was preseated for the determination of the maximum tie plate crushing (8, 37)
due to a vertical wheel load applied to the feld [gage] side of the rail head. 8 repre-
sents the crushing of the tie due to a uniformly distributed tic plate pressure, b is
the width of the tie plate {with 1:20 ca  }, h is the rail height and a is the distance
between the center of the rail and the point of loading. OQbscervations were made
on the Warsaw—Vienna Railroad in 1894, Using a location where the rail head
wear pattern was well established, so that the load application point on the rail
head could be aceurately deduced, rotation and  lateral rail head  displacement
measurements were found to be in general agreement with values caleulated from
the above equations.

The awarcness by carly railroad engineers of the rail roll problem is confinned
by the Knee Brace, shown in Fig. 1, which, according to an 1886 U.S. track manual
(31) should be used for very sharp curves and “all rails which have to resist a
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GAUGE WIDENING OF THE TEST RAIL (INCHES)

Gauge Widening 1n One Rail Versus
Distance Along the Rail:

Vertical and lateral load arc
maintained constant (0 ib and
20,000 1b respectively) While
longitudinal load is increased

in increments. ;

, 00 NOTE: These data valid only
O 1b  for worn 100-1b rail under the
static load conditions of this test.
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NUMBER OF TIES EITHER DIRECTION
FROM CENTRELINE
{Tie centres are 1§ % inches)

This '"zero'" axis can be considered
to be the test rail under zero load
conditions.

Gage Viidening Tests({ref.l8)

FICURE 11
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