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THE MEASUREMENT METHODOLOGY IMPROVEMENT
OF THE HORIZONTAL IRREGULARITIES IN PLAN

Purpose. Across the track superstructure (TSS) there are structures where standard approach to the decision on
the future of their operation is not entirely correct or acceptable. In particular, it concerns the track sections which
are sufficiently quickly change their geometric parameters: the radius of curvature, angle of rotation, and the like. As
an example, such portions of TSS may include crossovers where their component is within the so-called connecting
part, which at a sufficiently short length, substantially changes curvature. The estimation of the position in terms of
a design on the basis of the existing technique (by the difference in the adjacent arrows bending) is virtually impos-
sible. Therefore it is proposed to complement and improve the methodology for assessing the situation of the curve
in plan upon difference in the adjacent versine. Methodology. The possible options for measuring horizontal curves
in the plan were analyzed. The most adequate method, which does not contradict existing on the criterion of the pos-
sibility of using established standards was determined. The ease of measurement and calculation was took into ac-
count. Findings. Qualitative and quantitative verification of the proposed and existing methods showed very good
agreement of the measurement results. This gives grounds to assert that this methodology can be recommended to
the workers of track facilities in the assessment of horizontal irregularities in plan not only curves, but also within
the connecting part of switch congresses. Originality. The existing method of valuation of the geometric position of
the curves in the plan was improved. It does not create new regulations, and all results are evaluated by existing
norms. Practical value. The proposed technique makes it possible, without creating a new regulatory framework, to
be attached to existing one, and expanding the boundaries of its application. This method can be used not only for
ordinary curves, but for very short sections, the curvature of which changes abruptly to its opposite value.

Keywords: methodology; irregularity; measurement; plan of a railway track; curve assessment in plan

to eliminate them. For the track state establishment
Introduction in accordance with the maintenance norms the
instrumental methods was used to evaluate its
status.

In practice, the geometric position of the curve
in plan is checked by means of traditional methods.
These include: versine method [8], Hoffer’s method
[4] and the method of Honikberg [6]. The first two
methods, can be usually use in the operation
portion of the curve, the latter is the design of the
reconstruction and repairs of the road.

The above mentioned versine method based on
the measurement of deflections f; (Fig. 1) when
fixed value of the chord length through a specific
length [8].

On the Ukrainian railway network for the past
several decades has been a tendency to increase the
speed of motion [9], which obviously leads to the
revision of existing and the creation of new
regulatory documents. This applies to rail transport
as a whole and of its individual farms. In
particular, the track facilities directly involved in
the maintenance and repair of road infrastructure.

Quite a significant impact on the performance
of traffic safety, smooth running and ride comfort
passengers in the general case affects not only the
plan and profile of the railway track, but also the
presence of geometric and strength irregularities.
Existing regulations govern not only work to
prevent occurrence of malfunctions during
operation, but also the necessary course of action
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Fig.1. The bend versine
measurement scheme

Method of Hoffer, which was forgotten over
the last few decades, has been modified (Fig. 2)
and found further application in practice [3].
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Fig.2. The Hoffer modified method

For the design of the second track and
reconstruction of the existing railway survey

curves can also be performed using the method of
Honikberg (Fig.3).

Fig.3. Curve measurement scheme
by the Honikberh method:

BC —beginning of curve; EC — end of curve

All above-mentioned methods linked with
geometric point of view can be listed in one
another.

On foreign railways, the assessment of the
position of curves in the plan is treated similarly to
that in the domestic railways using the versine
method [12, 10].

The modern methods of valuation of railway
track plan include [5, 7]:

— survey using modern total stations;

— the use of track measuring cars;

— survey using the benchmark system;
— plan survey with track measuring cars;
— use of track measuring trolleys.

frog S1

Fig.4. The crossover general scheme:
S1 — first switch; S2 — second switch

Therefore it is necessary to create a metho-
dology that would give the opportunity to get
versine to any position on the track section in the
plan and to assess its state according to the
difference obtained in related deflections.

Purpose

It is important quickly, efficiently and timely to
perform routine maintenance and repairs for
workers of track facilities. Based on this principle,
it is necessary to develop a methodology for
assessing the phase position of the road in such
a way as to reduce the time spent on measurement
and processing of the results. Thus as much as
possible to use the existing regulatory framework
relating to the issue of determining the position of
the curve in the plan.

Methodology

— First, it is necessary to analyze the possible
methods of assessing the position of the curve in
the plan and to identify their main advantages and
disadvantages. The following methods are taken
into account:

— the position of the joints of rails using
diagonals;

— method of linear serifs (polar method);

— position of connecting track ordinates of the
basic line, that is broken outside of the track;

— measurement of horizontal angles in the plan;

— the position of the curve with the ordinate
from the baseline, that is located between the rail
thread.
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As a primary or reference, the most extensively
used on the railways of Ukraine is the versine
method. All other proposed methods will be
theoretically checked and compared with the
versine method.

Method of assessment of the joints using
diagonals is to measure the distances d;, d, d3, d,

(Fig. 5).
The measured diagonals in pairs should be
compared (d, i dy, dy 1 d5).

Real state

Design state

Fig. 5. The joints measuring position scheme

The diagonals must have the following value:

d =4 +B’,

(6]
dyy = AL+ B
In turn:
4, =R, —(R,-S;)cosa,
Ai+1 = Ro - (Ro - Si+l )COS o, (2)

B =(R, -5,

i+l

B, =(R,-S;)sina,i=13,5..,2n+1.

)sina,

where R, — the radius of the outer rails; S; — track
width, measured in the appropriate section; o — the
angle formed the normals to the curve at the
measurement points:

a=-", )

where /, — the length of the outer rails between the
measurement points.

If the pair of the measured diagonals are not
equal, there are horizontal irregularities. The
difference of pairwise diagonals characterizes
irregularities in plan or disagreements rail joints.

But to evaluate geometric inequalities, their
length /;,., and amplitude b;,., placed between the
joints or between the cross-sections are almost not
possible. Therefore, the assessment method
application of the joints using diagonals makes it
impossible to get the versine at intermediate points
in the future. In this case it is necessary to identify
the additional points on the irregularities. If the
joints are not on squares (overlapping joints on the
value of (a), the task on the assessment of
horizontal irregularities is complicated. Moreover,
as the source the radius and length of the outer and
inner rail filaments between the points of
measurement should be known. This method is
appropriate to use in areas where the rails have the
same length, i.e. in a straight line.

When using the method of linear serifs (the so-
called polar method) the base with the length S
should be set outside of the track. The checkpoints
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divided the track into segments of any length
(Fig. 6). From the first base station the distance a;
is measured to control points. From the second
base station the distance b, is measured to the same
checkpoint.

Tha angles a;, f; can be found with the formula:

S*+a’-b’
o, = arccos| —————— |,
2a,S
S?—al +b] @
B, = arccos ! L.
2b.S

The coordinates X; and Y; for each point of
measurement can be set from the expression:

X5 B
tga, +1gp, 5)
tgo, - tgf;

V=8 —~——1.
tgo, +tgf;

| station

The test measured coordinates for each point
can be done on the other side of the curve, with the
set on the new basic line and following the same
procedure.

The measurement error increases with
increasing distances a; and b;, therefore, the basis S
should be placed as close as possible to the track.
The main disadvantage is the fact that when
determining the curvature of the track in adjacent
points, it may suddenly change due to the
measurement errors.

Next on the list for comparison is a method of
ordinate measuring from the baseline, set outside
of the track. For this purpose it is necessary to fix
a baseline, if it is possible, within the subgrade. For
further measurement of ordinates a baseline should
be divided into a control point for measurement,
the distance between which ay, a,, as, ..., a, they
are not necessarily identical (Fig. 7).

2 station

Fig. 6. The linear serif method

_basis line

Fig. 7. The ordinate measurement scheme from the basic line is broken on the sidelines
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From control points perpendicular to the
baseline the segments are laid before crossing with
a rail thread of the track.

During the survey the great attention should be
paid to the deposition of the perpendicular line
from the baseline. To perform such an operation is
difficult, especially when the ordinate value is
more than 1 000 mm. The geometric position of
the curve is determined by the results of the
measured ordinates.

The problems of measurement of this method is
that the values of ordinates are set according to the
outside edge of the rail. And therefore, it is also
necessary to determine the wear of the rail head at
each point. And also the fact that the stations for
baselines need to fix reliably it cannot be ignored,
because during the crossing of trains on a site is
not only by their displacement. This all leads to
significant thief of working time.

Alternatively, the position of the curve in the
plan can be measured with horizontal angles.
Usually these cases arise within the seam zone
during the connecting of two rails (Fig. 8).

The angular displacement of the rails during
operation may occur due to insufficient lateral
stability of a rail-sleeper grid, due to the stiffness
of the rails, which are trying to recover the initial
shape to the bending, the reducing the regulatory
pressing force of the terminals, hijacking ways and
the presence of temperature forces in the rails in
the summer, that can lead to a zero gaps and
incorrect location of the sleepers in the curve.

Fig. 8. Plan angle measurement scheme

The question how to measure the value of the
angle of impact arises immediately. To date, the
only value that characterizes the so-called angle of
impact, is the rate of loss of kinetic energy at
impact in switch rail [1]:

coi_o =V ? sin’ Binp (6)

where V' — speed.

The maximum angle of impact, in turn, is
formed by a number of other factors:

)
=cosf}, — &, 7
Pn R, (7)

cosf;,,
where S, — initial arrow angle; 6 — the gap between
the crest of the wheel and rail; Ry — the initial
radius of switch rail.

The radius value is:

2
Ry="—, ®)
Jo
where j, — fast (pulsed) centrifugal acceleration.

At the present time in different countries of the
instantaneous magnitude of centrifugal accele-
ration in the design adopted in the range from 0.4
to 1.0 m/s2 [13]. However, as shown the
theoretical and experimental studies, these values
can reach 2-2.5 m/s2 [11]. It is also necessary to
take into account the fact that the conditions of
interaction within the switch and curve are
significantly different. This is, firstly, the speed of
movement. Secondly, the presence or absence of
superelevation. Thirdly, the design features of the
switch rail which, unlike conventional rail in a
curve are not fixed. And there are more many other
factors that affect the interaction of track and
rolling stock. Therefore, to assess the position of
the curve in terms of the magnitude of impact
angles is possible, but not entirely correct. The
speed limit in the zone of angles arise in the plan
can be set by changing the width S, relative to the
regulated value S; [2].

The latest from considered methods is the
position of the curve with the ordinate from
baselines rail that is located between the filaments
(Fig. 9). The ordinate dimension from the rails to
the base line, broken on the outside of the track or
between the track is taken as bases(see Fig. 7).

The problem of using this method is that
current regulations do not regulate the procedure
for the use of the measured ordinates.

The authors propose to estimate the position of
the horizontal curve on the ordinate, the value of
which is mathematically given by the deflections,
comparing which can get the status of the curve.
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basis line

Fig. 9. The ordinate measurement scheme from the basic line is located between rails

Fig. 10 shows the calculated scheme of the
transition from the axis, measured along the
perpendicular to the baseline, omitted at the points
A, F, B, to the versine FE, measured from the
center of the chord length a.

Denote the versine of FE in i point using f.
Ordinates, measured in the i-th and neighboring
points, in accordance F; and £, Fi. From geo-
metrical considerations we can write the formula
for the determination of versine f;, measured from
the center of the chord length a.

Given the fact that in real conditions, the angle
o has a value close to zero, so cosa ~1, then we
can write:

1
fi =Fi__( i+l +FH)-

5 €))

where F;, Fi.i, F;1; — ordinates, measured from bais
line, mm.

For testing the methods it is necessary to
conduct field measurements in real conditions. In

practice, to fix the base for the measurements (see
Fig. 9) between the rails is difficult. It is proposed
to consolidate and remove ordinates track template
(Fig. 11). Obtained values of the ordinates must be
transformed into the versine at the value of the
chord a. Actually, the question arises about the
chord length when this method will provide
accurate information.

According to [2] the curves are estimated by
the difference in adjacent deflections only when
the chord length is =20 m. Show that for short
irregularities in plan, the length of which is less
than the length of the chord, it makes no difference
how long the chord to assess the condition of the
curve is. The allegations are originate from the
following calculations.

Consider the case depicted in Fig. 12. Let there
exist a curve, which in the i point has a horizontal
inequalities with amplitude b;,., and length /;,.,< a.

Fig. 10. Design scheme of transition from the measured ordinates F to versine f
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i+2

a=20

Fig. 12. The determine correlation scheme between
versine differences at different chord length

20

For an ideal (theoretical) curve f°°, = £:° and

tl,-o_l = tl,.o . In case of occurrence of irregularities

and offsets of the i-th point on the value b;,., the
following relations are fair:

20 _ 220 . 10 _ 10 .
f,- ~Jti +b, fz ~ti+b'

ineq ineq >
10
f20 ~ 20 _ Tineq f10 - rlo bineq ( )
i-2 ~ Jti-2 > -1~ Ji-1 T :
2 2

Then, the difference of the deflections at
20 meter chord would be:

3
AP = f7 = 12 = S by (11)

For the 10 meters chord the result is similar:

3
A (12)
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Therefore, the difference in adjacent versine at
20-and 10-meter chord are the same, that gives
grounds to assert the requirement of assessing the
state of the curve only on the statutory regulations
of the chord length. Accordingly, the phrase in
paragraph 2.1.2 [2] «...the difference of adjacent
versine, measured from the midpoint of the chord
length of 10 m shall be no greater than 5 mmy is
incorrect and inappropriate.

The section was divided in 1 m and the
dimensions of the versine was carried out at
10-meter chord (the curve radius R=300 m).

Table 1

The measurement results of the curve
position in plan

giiif Fymm | fiyeemm | £ mm c?rt;sflﬁf;
1 302
2 326
3 344
4 362
5 374
6 388 37 35 )
7 401 38 39 .
8 405 37 13 .
9 402 34 31 3
10 401 33 31 5
11 405 34 35 .
12 398 29 30 .
13 390 28 30 )
14 381 27 )3 |
15 366 27 28 .
16 352 21 20 .
17 336 19 18 .
18 315
19 304
20 275
21 260
22 239

Table 1 shows the actual F; ordinate measured

fmeas
i

obtained by the ordinate transformation using the
proposed method.

versine and calculation versine £,

Findings

A comparison of the calculated with the
proposed method and measured versine showed
a small absolute error, which is well within the
measurement error. Thus, it can be assume that the
technique can be used to assess the status of the
curve track section with an abrupt change of
curvature.

Originality and Practical value

The proposed improved method of estimating
the position of the curve in plan, quickly changes
its curvature and has bumps that are shorter than
the chord length.

The results showed that this method is quite
simple and convenient to use to perform naturals
measurements using the least amount measuring
means. And also thanks to the simplified method
for data processing and the lack of controversy
regarding the existing regulatory framework the
speed limit on a given stretch of road can be set at
once.

Conclusions

1. The existing methods of estimating the
geometric position of the normal curves in plan in
the operation and design of repairs to the track are
analyzed.

2. A comparative analysis was realised and
the main advantages and disadvantages, limits of
the application of existing methods were
determined. The most suitable option for detailed
analysis was determined.

3. The mathematical combination of the
existing and proposed methods was developed.

4. The qualitative and quantitative
verification were conducted. The results showed
the adequacy of the proposed methodology and the
absence of contradictions.

5. The suggestions regarding the editing of
paragraph 2.1.2 Instructions on the device and
maintenance of the tracks of the Ukrainian
Railways [2] were provided.
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TOPU30OHTAJIbHBIX HEPOBHOCTEM B IIVIAHE

Heas. B macmrabax Bcero Bepxuero crpoerus mytu (BCII) cymecTByroT Takue KOHCTPYKLUH, TI€ CTaHIAPT-
HBIE TOAXObI K MPUHITUIO PEUICHUs O JalbHEHINeH MX 3KCIUTyaTallid HE COBCEM KOPPEKTHBI WIIM MPUEMJICMBL.
B uacTHOCTH, 3TO KacaeTcsi ydYaCTKOB ITyTH, KOTOPBIC ITOCTATOYHO OBICTPO MEHSIOT CBOM T'€OMETPHUYCCKHE
nmapaMeTphl: Paanyc, KPUBH3HY, YTOJI IOBOPOTa M ToMy momo0OHoe. B kauecTBe mpumepa, k TakuMm yuactkam BCII
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3AJIIBHNYHA KOJIIA

MOXHO OTHECTH TE€ CTPEJIOYHbIE CBE3[bl, B MpeJelax KOTOPBIX HAaXOAWTCS COCTABILIIONIAs, TAaK Ha3blBacMas
COEAMHUTENIbHAS 9acCTh, HA JOCTATOYHO KOPOTKOMN JJIMHE CYLIECTBEHHO MEHSIOIAs KpUBH3HY. OLICHUTD MOI0KEHNE
B IUIAHE TAaKOH KOHCTPYKIMM Ha OCHOBE CYILIECTBYIOIIEH METOAMKHM (II0 pa3HUIE B CMEXHBIX CTpenax u3ruba)
MIPAKTUYECKU HEBO3MOXKHO. IIoaTOMY B MCCleOBaHUM MpeJiaraeTcsl JOMOJHUTh U YCOBEPIICHCTBOBATh METOIUKY
OLICHKH TIOJIOKEHUSI KPHBOM B IUIaHE MO Pa3HHIE B CMEXHBIX cTpeiax u3ruda. Meroauka. [IpoanamusnpoBaHbl
BO3MOXKHBIE BapUaHThl HM3MEPEHMs TOPHU30HTAILHOIO TMOJIOKEHMs KpHBBIX B IuiaHe. OmpeneneHa HauOosee
aJieKBaTHasl METOJAMKA, KOTOpas HEe MPOTHBOPEUYUT CYHIECTBYIOIIEH MO KPUTEPUI0 BO3MOXHOCTU HCIIOJNB30BaHUS
YCTaHOBJICHHBIX HOpPMAaTHBOB. Bo BHMMaHMe Takxe NPUHUMANach MIPOCTOTa U3MEpPEHUl U pacuera. PesyabTarthl.
KauecTBeHHass W KoiuyecTBeHHas BepH(UKaIMs NPEIIOKEHHOH M CYIIECTBYIOIIEH METOIMK IOKaszajla O4YeHb
XOpoIllee COBMAJCHNE PE3YJIbTATOB M3MEPEHUH. DTO JaeT OCHOBAHUS yTBEPXIaTh, YTO JAHHYIO METOIMKY MOKHO
PEKOMEHI0BaTh PaOOTHUKAM IYTEBOTO XO3fICTBAa B OIIEHKE TOPH30OHTAJIBHBIX HEPOBHOCTEH B IUIAHE HE TOJIBKO
B KpHMBBIX, HO W B TIpeleiax COCIUHHUTEIbHOW YacTH CTPENOYHBIX che3noB. HayyHasi HOBM3HA.
YcoBepIIeHCTBOBaHA CYIIECTBYIOIIAS METOUKA OLIEHKH T€OMETPHUYECKOTo TTOJIOKEHHUS KPUBBIX B ItaHe. [Ipu aTom
HE CO3/aI0TCS HOBBIE HOPMATHBBI, a BCE IOJIyYCHHBIC PE3yJbTaThl OLECHMUBAIOTCSA MO CYMIECTBYIOIIUM HOPMaM.
IIpakTHyeckas 3Ha4YUMOCTh. [IpeuiaraemMas METOAMKA €T BO3MOXKHOCTb, HE CO3[aBas HOBYIO HOPMAaTHUBHYIO
0a3y, NpUBS3BIBATBCS K CYLIECTBYIOIIEH, M pacCIIMpseT T'PaHUIbl ee NpuMeHeHHs. [laHHYI0 METOAMKY MOXKHO
NPUMEHATh HE TOJBKO JJIsi OOBIYHBIX KPUBBIX, HO M JJIsl OUYEHb KOPOTKHUX YYaCTKOB, KPUBH3HA KOTOPBIX PE3KO
MEHSET CBOE 3HAUE€HHUE HAa MPOTUBOIOJIOKHOE.
Kniouesvie cnosa: MeTouKa; HEpOBHOCTh; U3MEPEHHUS; IUIaH ITyTH; OLIEHKA COCTOSHUS KPUBBIX B IJIaHE
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YAOCKOHAJIEHHA METOAUKH BUMIPIOBAHHSA
TOPU3OHTAJBHUX HEPIBHOCTEH Y ILJIAHI

Meta. B macmrabax Beiel BepxHboi OynoBu kodii (BBK) icHyroTh Taki KOHCTpYKLIl, ie CTaHAapPTHI MiIX0IH JI0
NPUAHATTS PiIICHHS 100 MOJAIBINOT 1X eKcIuTyaralii He 30BCiM KOPEKTHI a00 MPHIHHATHI. 30KpemMa, 1Ie CTOCY€ETh-
Csl IUISTHOK KOJTii, SIKi JIOCHTB IIBHIKO 3MIHIOIOTH CBOT F€OMETPHUYHI IapaMeTpH: paliyc, KPUBH3HY, KYT IIOBOPOTY
tomo. SIk mpukiazn, go Takux AitHOK BBK MoxxHa BipHecTH Ti cTpijouHi 3’131, B MeXax SIKMX € CKJIaJloBa, TaK
3BaHa 3’€HyBaJIbHa YacTHHA, KOTpPAa Ha JOCHTh KOPOTKIH JIOBKHMHI CYTTE€BO 3MIHIOE€ KPUBHU3HY L€l YacTHHH.
OLHNTH TOJIOKEHHS Y TUIaHI Takoi KOHCTPYKII{ 32 ICHYIOUOIO METOJUKOIO (32 PI3HMIEI0 B CYMDKHHMX CTpiltax
BUTHHY) NPAKTUYHO HEMOXJIMBO. TOMy B JOCIHIIUKEHHI NMPOIOHYETHCS IOMOBHUTH Ta YAOCKOHAIUTH METOAUKY
OIIHKH TIOJIO)KEHHS KPHUBOi y IDIaHI 32 PI3HUISAMH B CYMDKHHX CTpinax BuruHy. Metoamka. IIpoaHamizoBaHO
MOJKJIMBI BapiaHTH BUMIpIOBaHHS TOPH30HTAIHHOTO IMOJIOKESHHS KPUBHX y IUIaHI. Bu3HaueHO HaWOLIBII ageKBaTHY
METOMKY, AKa He CYNEpedYHnTh iICHYIOUill 3a KPUTEPiEM MOXKIMBOCTI BUKOPHUCTAHHS BCTAHOBJICHHX HOpMAaTWBiB. J[0
yBar# TakoX IMpHUIMalIaCh MPOCTOTA BUMIPIOBaHb Ta po3paxyHKy. PesynbTaTu. SlkicHa i KinbkicHa Bepudikaris
NPUBEIEHOT METONMKHM TMOKasana [yXe JoO0puil 30ir pe3ynbTaTiB BUMIpIOBaHb 3alpOIOHOBAHOI Ta iCHYIOYOI
Mmeronuk. lle nmae migcraBu CTBEpIPKYBaTH, LIO JaHy METOAMKY MOXKHA PEKOMEH/yBaTH IpalliBHUKaM KOJIHHOTO
TOCIIOJIaPCTBA 11010 OLIIHKK TOPU30HTAJIBHUX HEPIBHOCTEH Y IUIaHI He JIMIIE B KPUBHX, a H Y MekKax 3’ €JHyBaJIbHOI
YaCTMHHU CTPUIoYHUX 3°131iB. HaykoBa HOBHM3HA. BIOCKOHaJIeHO iCHYIOWYy METOAMKY OIIHKH TI'€OMETPHYHOTO
MIOJIOKEHHSI KpUBHUX y IuiaHi. [Ipy 1jboMy He CTBOPIOIOTbCS HOBI HOpPMAaTHBH, a Bce 0a3yeThCsl Ha ICHYIOUHX.
IIpakTHyHa 3HAYUMicTh. 3aIPOIIOHOBaHA METOJMKA Ja€ MO>KIJIMBICTH, HE CTBOPIOIOYM HOBY HOPMAaTHBHY 0a3y,
MIPUB’3YBaTHCh A0 ICHYIOYOI, Ta PO3IIUPIOE MEXi ii 3acToCcyBaHHS. J[aHYy METOAMKY MOJXKHa 3aCTOCOBYBAaTH HE
TUTBKU [UIS 3BUYaWHUX KPUBHX, a W JUIA TyXKe KOPOTKHX IUITHOK, KpUBU3HA SIKMX PI3KO 3MIHIOE CBOE 3HAUCHHS HA
MIPOTHIIC)KHE.

Kniouosi crosa: metonnka; HepiBHICTh; BUMIPIOBAHHS; TUIAH KOJIil; OI[iHKA CTaHy KPUBHX Y IIIaHi
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