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ON THE ACCURACY OF THE ALIGNMENT OF CURVED TRACK
BY THE STRING CHORD METHOD AND THE RATIONAL
DISTRIBUTION OF TERMINAL ERROR IN IT

By Dr. Eng., Torao Taya, C.E. Member

In order to adjust the curves in railway
track, ie. circular curve and transition curve,
the alignment by String Chord Method has
mainly been used for a pretty long time, but in
recent years the mechanization of this old handy
method, that is, to measure the irregularity of
track by the “Track Inspection Car” and to
adjust it according to its measured data, has
come to be increasingly put in practice. Howe-
ver, it is a matter for regret that the argument
is apt to go beyond the limit of correct inter-
pretation about the accuracy of measured data.

For the above mentioned reason, it would
be necessary under the present circumstances to
examine over again the theoretical accuracy of
the alignment by String Chord Method and to
determine the limit of estimation about the
measured data by it.

1. The error in Angle Diagram Method
the fact that the fundamental
principle of the alignment by String Chord

Because of

Method is derived from the Angle Diagram
Method, we must consider first of all the error
of the Angle Diagram Method in order to ex-
amine the above-mentioned accuracy.

2. The error in the Alignment by

String Chord Method

Among the errors of the Alignment by
String Chord Method, there are some that are
resulted from the dispersive double summation
of the height of arc and also from their obser-
vational effect, in addition to the above men-
tioned error in Angle Diagram Method itself.
The error that is resulted from the dispersive
double summation of the height of arc, is no
more than 20 mm about one transition curve of
approximately 100 m in length, but the one that
is resulted from the observational effect of the
height of arc, amounts to an astonishing quan-
tity by the accumulation of errors depending
upon the curve length. It occurs as a result of

the fact that the alignment of curve by the
String Chord Method is a method
accumulative Detail Surveying which lacks in

such as

the skeleton surveying corresponding to Tri-
angulation. For example, if we assume the
using of chord length /=10m, the standard de-
viation of observation values of each height of
arc and of the longitudinal shift from the two
standard points at the beginning, o=¢,=1mm,
we shall get the results with regard to the stan-
dard deviation of the following items:—

(The error deviation about the longitudinal
shift of terminal point at a distance 100 m from
the beginning point) =103.15 mm.

(The error deviation about the relative shift
between 20 th point and 19 th point) =8.8 mm.

From the above consideration, the author
has reached the following conclusion about the
String Chord Method :—

In the Alignment of track by String Chord
Method, it
points at each possibly short interval by other

is necessary to set up standard
precise method, and then always to close and
eliminate the error at these standard points in
both calculation of shifts and laying down of a
curve.

3. The adjustment problem of railway

track by the Track Inspection Car

The points considered as the utilities of

Track Inspection Car, are the following three

items.
(1) The gross alignment by the measured
value.
(2) The detail alignment by the measured
value.
(3) The detection of Track Irregularity.

It is evident from the theory of preceding
paragraphs that we cannot expect the utility of
(1) item from such apparatus as the present
Track Inspection Car which has no mechanism
to make the relation with each standard point
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clear. Secondly considering the utility of (2)
item, the ratio of the height of arc measured
by Track Inspection Car to the real amplitude
of Track Irregularity is not constant but vari-
able over a range of 0~2, depending upon the
wave length of Track Irregularity (See Fig. 1
and Fig. 2).

Therefore we can conclude that it is not
possible to adjust exactly the Track Irregularity
or to execute detail adjustment according to the
measured valme by the Track Inspection Car.

Finally considering the utility of (3) item,
as the wave lengths of the Track Irregularity
which exist actually in the field, distribute over

a comparatively wide range of 10~20m and is
not constant, so it is very doubtful to what ex-
tent we can detect the Track Irregularity.

4. Rational Distribution of terminal
error in the String Chord Method

Up to the present, the method to distribute
and eliminate the error proportionally to the
square distance of each measuring point has
been employed for the adjustment of Track, but
this conventional method is not correct from a
probability point of view. In this paragraph,
the author has derived and proposed therefore,
a correct method of distribution of terminal

error on a probability principle.
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