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Abstract: There is an increasing demand for railway projects on the world. This demand also
increases the demand for railway infrastructure and superstructure components which are ballast,
rails, sleepers and fastening systems. In ballasted tracks the rails rest on the sleepers and together
form the superstructure. Generally timber, concrete and steel sleepers are used on rail tracks. The
concrete sleepers are an important element of superstructure having specific advantages which are
heavy weight, long service life, great freedom of design and relatively simple to manufacture. The
prestressed concrete sleepers were begun to produce and use widely with the emerging concrete
technology. The prestressed concrete sleepers provide higher speeds and greater axle loads on the
railway tracks. Consequently defined quality control studies must be performed during manufacturing
process of the concrete sleepers to obtain the desired performance from the concrete sleepers. It is
possible to realize analyses using the measured data and the measurement systems analysis during the
quality control studies. In this study, Gage R&R or GRR method was used for the prestressed concrete
sleepers to measure the amount of variability induced in measurements by the measurement system
itself, and compares it to the total variability observed to determine the viability of the measurement

system.

Key words: Prestressed concrete sleepers, Measurement systems analysis, Repeatability,
Reproducibility.

INTRODUCTION choice of a track system is a technical and

economic problem which has to be answered

The conventional railways mostly consist of rails ~ according to each individual case [1].

and sleepers supported by a ballast layer. The
ballast layer lies on a subballast layer that forms
the transition between ballast layer and formation
layer. The rails are connected to the sleepers by
fastenings. The major advantages of a ballasted
railway track are low construction costs, proven
technology, simple replacement of track
components, simple correction of track geometry,
easy adjustments of track curves and alignments,
good drainage, good elasticity and good damping
of noise. Axle loads, speeds also service life,
maintenance, local conditions and availability of
basic materials are major factors to define the
type of railway track structure. Consequently the

The functions and requirements of sleepers
are: to provide a support for rails and fastenings,
to transfer rail forces to the ballast bed, to
preserve track gauge and rail inclination, to
provide adequate electrical insulation between
both rails, and to be resistant to mechanical
influences and weathering over a long time
period. Specific advantages of concrete sleepers
are: heavy weight, long service life, great
freedom of design, and they are relatively simple
to manufacture. There are two basic types of
concrete sleepers. The twin-block sleeper, which
consists of two blocks of reinforced concrete
connected by a coupling rod or pipe, and the
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monoblock sleeper, which is based on the shape
of a beam and has roughly the same dimensions
as a timber sleeper [2].

PRESTRESSED CONCRETE
SLEEPERS

Reinforced concrete elements are recently the
most commonly used structural material because
the tensile strength of concrete is small and the
steel bars are embedded in the concrete element
to carry all internal tensile forces caused internal
or external effects. The tensile forces can be
caused by imposed loads or deformations, or by
external effects such as temperature changes or
shrinkage. The external loads cause tension in the
bottom side which may lead to cracking. The
reinforced concrete elements are usually cracked
under daily service loads. On a cracked
crosssection, the applied moment is resisted by
compression in the concrete above the crack and

tension in the bonded reinforcing steel [3].
Prestressed concrete is a kind of reinforced

concrete. An initial compressive load is applied

on a structure to reduce or eliminate the internal
tensile forces and in that way control or eliminate
the cracking in the reinforced concrete element.

The initial compressive load is imposed and

sustained by highly tensioned steel reinforcement

reacting on the concrete. Consequently the
prestressed section is considerably stiffer than the
equivalent reinforced section. Prestressing may
also impose internal forces which are of opposite
sign to the external loads and may therefore
significantly reduce or even eliminate deflection

[3]. The main advantages of prestressing are [4]:

e Reduce deflections of reinforced concrete
elements which are under service loads

e Fatigue resistance is considerably raised.

e Segmental forms of construction can be
applied.

e Very high strength steel may be used to form
the tendons.

e Sections of reinforced concrete element are
smaller due mainly to the capacity to reduce
deflection.

Prestressing is generally applied to a concrete
member by highly tensioned steel reinforcement
(wire, strand, or bar) reacting on the concrete.
The high strength prestressing steel is most often
tensioned using hydraulic jacks. The tensioning
operation may occur before or after the concrete
is cast and, accordingly, prestressed members are

classified as either pretensioned or post-tensioned
[3].

The European Standart which is prEN 13230
defines technical criteria and control procedures
which have to be satisfied by the constituent
materials and the finished concrete sleepers and
bearers, i.e.: precast concrete sleepers, bearers for
switches and crossings, and special elements for
railway tracks. EN 13230 covers the general
requirements for concrete sleepers and bearers
and is used in conjunction with five parts [5].

GENERAL REQUIREMENTS OF
CONCRETE SLEEPERS AND
BEARERS

According EN 13230, each concrete sleeper and
bearer must have the following permanent
markings which are: year of manufacture, mould
identification, identification mark of the
production plant. In addition, the date of
manufacture or batch number shall be marked on
each concrete sleeper and bearer. The purchaser
may require additional information to be marked
on the concrete sleepers and bearers. After
production process, the sleepers have to be
checked whether they have the following
requirements [5]:

e The top surface and sides of the concrete
element shall have a uniform appearance. A
random scattering of air holes shall be
permitted on any surface.

e For sleepers intended for ballasted tracks, the
bottom surface shall be rough and uniform.

e For sleepers on non-ballasted tracks,
particular requirements for the bottom
surface may be requested.

e Particular attention should be given to the rail
seat area which shall be free of any
individual large void.

Remedial work on a concrete element after
demoulding which does not affect the mechanical
performance of the product may only be carried
out if detailed procedures have been included
within the description of the manufacturing
process [6].

Track signaling systems and electric traction
systems require a minimum electrical resistance
from one rail to the other. The sleepers must have
the required electrical resistance [6].

Before starting production, the supplier must
complete a production file for manufacturing data
which must be submitted in confidence to the
purchaser and shall include the following [6]:
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e Water/cement ratio and tolerance;

e Weight of each concrete component plus
tolerance;

e Grading curves for each concrete aggregate
plus tolerance;

e Properties of the concrete after 7 days and
after 28 days;

e Maximum relaxation for prestressing tendons
after 1 000 hours;

o Description of the prestressing system
including prestressing force and tolerance on
each tendon;

e Methods of concrete vibration;

e Curing time and temperature cycle;

e Minimum concrete compressive strength
before releasing prestressing tendons ;

e Method used for releasing prestressing force;

e  Stacking rules after manufacturing.

The maximum tolerances specified in Table 1
apply to ballasted track and can be varied by the
purchaser in the case of special requirements
such as dedicated concrete elements for
ballastless track or use of a sleeper laying
machine, etc. [6].

The position of the centroid of the
prestressing tendons must be within £ 3 mm from
the design position relative to the rail seat. The
individual prestressing tendons must be within +
6 mm from the design position relative to the rail
seat. The total prestressing force must be applied
within = 5 % of the specified force. Procedures
must be defined in the quality plan of the supplier

[6].

Table 1. Maximum tolerances

area with regard to 2 points
150 mm apart

T Relative twist between rail 0.7 mm
seats
M Mass of the sleeper + 5%

Figure 1 shows the dimensional checking points
of main line sleepers.
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Figure 1. Prestressed mono block main line sleeper
PRODUCT STRENGTH TESTS

There are two kind of produc tests which are
design approval test and rutine test for acceptance
of concrete sleepers and bearers. Design approval
test: a test on a concrete sleeper or bearer or part
of a concrete sleeper or bearer to demonstrate
compliance with the design. It is carried out on a
4 to 6 weeks-old concrete sleeper or bearer.
Routine test: a product test as a part of the
manufacturing quality control process [5].

Bending tests are defined for each concrete
sleeper and bearer. The routine test procedures
are carried out on concrete sleepers and bearers
selected at random from the manufacturing
production line. No additional preparation to
normal production is allowed. Routine tests are
usually assessed on a defined statistical basis [6].

The tests carried out for the sleepers and

:) imensions 5 Description Tolerances | 1)oarers are three kinds which are static bending
verall length of the +10 mm . ", .
concrete element. test: a static load condition to confirm the
by, b, Top and bottom width of +5 | behaviour of a concrete sleeper or bearer.
the concrete element. Dynamic bending test: a dynamic load condition
Hp Depth atany positionalong | (+5/-3) | \whijch applies a pulsating and increasing load to
Lﬁi;ﬁi‘szngémetse MM | the concrete sleeper or bearer in order to simulate
element the situation in the track of impact loads. Only
L, Distance between the rail (+27-1) | required for design approval tests. Fatigue
fastening gauge points. mm | bending test: a dynamic condition to simulate the
Lo Position of the rail +8 | oads applied to the concrete sleeper or bearer by
:2;:%'?3 %Zugﬁdpgﬂth‘év'th traffic. An optional design approval test carried
concrete element. out at the request of the purchaser [6].
Ly Total length of reinforced +8 The sleepers are tested and mechanical
concrete block. parameters are evaluated. First crack which one
' Inclination of the rail seat. +0.25° | of important mecanical parameter: a crack which
F Plainness of each rail seat 1mm | originates in the tensile face of the concrete
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sleeper and bearer extending to a minimum depth
of 15 mm on one side or other of the concrete
sleeper and bearer and which increases in depth
with further application of load [6].

The strength test are applied to the sleepers
at the rail seat section and at the center section
dividing two types which are positive and
negative center tests. The arrangement for the rail
seat positive load test and the negative centre
load test are shown in Figure 2 and 3. The load F,
and F, are applied perpendicularly to the base of
the sleeper. The end of the sleeper opposite to the
end being tested must be unsupported for the rail
seat test. In Figure 2, definition of the numbers: 1
Rigid support, 2 Articulated support, 3 Resilient
pad, 4 Prestressed monobloc sleeper, 5 Standard
rail pad as defined by the purchaser, 6 Tapered
packing , 7 Lateral stop [6].

Fr
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Figure 3. Test arrangement at the rail seat section for
the positive load test
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Figure 4. Test arrangement at the centre section for the
negative load test

Product inspection must be carried out on all
sleepers required for design approval tests
including dimensions and tolerances. The relation
between the design distance between the centre
line of the rail seat to the edge of the sleeper at
the bottom (Lp) and the design distance between
the articulated support centre lines for the test
arrangement at the rail seat section (Lr) is given
in Table 2 [6].

Table 2. Value of Lr in relation to Lp

Lp (M) L (m)
L, <0.349 0.3
0.350 < L, < 0.399 0.4
0.400 < L, < 0.499 0.5
L, > 0.450 0.6

The test loads are calculated by using the
design moments according to the customer
demand. The design moments are calculated by
using the axial loads and the speeds on the track.
The following equations represent the calculation
of the initial reference test loads applied to the
rail seat and the center part of the sleepers [6]:

4M dar

l:ro = m 1)
4M

Fo =101 )
4aM den

Foon = T —o1 3)

e [, = Initial reference test load for the rail
seat section, in kKN

e F., = Positive initial reference test load at the
centre section of the sleeper, in kKN

e F.n = Negative initial reference test load at
the centre section of the sleeper, in kN

e My = Positive bending moment at the rail
seat, KNm

o My = Positive bending moment at the centre
part, KNm

e Mgy = Negative bending moment at the
centre part, KNm
The static test procedure at the rail seat

section for the design approval test and the

routine test are shown in Figure 5 and 6 for the
rail seat section as an example. The dynamic and
fatique tests were not studied in this study. The
dashed lines in the figure represents required part
of test and the continous line in the figure
represents the optional part of test. The symbols

in the figure are [6]:

e F, = Test load which produces first crack
formation at the bottom of the rail seat
section, in KN

e F0s = Test load for which a crack width of
0,05 mm at the bottom of the rail seat section
persists after removal of the load, in kN

e [ = Test load at the rail seat section which
cannot be increased, in KN
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Figure 5. Static test procedure at the rail section for
positive design approval test
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Figure 6. Static test procedure at the rail section for
positive routine test

QUALITY CONTROL OF PRESTRESSED
CONCRETE SLEEPERS

Quality management implementation is one of
the most difficult tasks for the companies and it
is still very difficult to implement a quality
system. One of the major components of quality
improvement measurement systems is the
statistical process control. Nowadays many
manufacturing companies use statistical process
control to make certain and get better the quality
of the products. The statistical process control is
comprehensively based on the measurements and
test data as the key inputs to the statistical
process control system. The goal of testing and
measuring is to provide results that are both
accurate and precise. A variance or a standard
deviation is commonly used to quantify these
results [7]. Measurement systems analyses were
developed to determine whether the measured
data reliable or not. Generally measuring system
errors are considered into five groups [8]:

e Bias: The difference between the observed

average of measurements.

/i i/ 2
10's min. N

¢ Repeatability: The random variation resulting
from successive trials under defined
conditions of measurement.

e Reproducibility: The variation in the average
of measurements caused by a normal
condition of change in the measurement
process.

o Stability: Refers to both statistical stability of
a measurement process and measurement
stability over time.

e Linearity: The difference in bias errors over
the expected operating range of the
measurement system.

The gage repeatability and reproducibility (R&R)

study, also called the gauge capability study, is

usually employed to provide quantitative
information about the performance of a
measurement  process. A reproducibility
condition occurs when the standardized

measuring procedure is carried out on identical
test material but under different conditions such
as operators, apparatus, laboratories and times.
With standardized test methods, the standard
deviations  obtained under  ‘repeatability
conditions’ and ‘reproducibility conditions’ can
be distinguished easily. The total gauge
variability is defined as the sum of the
repeatability variability and the reproducibility
variability (Eq. 4) (Figure 7) [8].

2 _ 2 2 4
GGRR - Greproducibility + Grepeatability ( )

Reference value +

GRR

Figure 7. Gauge capability

In an R&R study, the prestressed
concrete sleepers produced at Betra Sleeper
Factory in Sakarya were discussed with gage
repeatability and reproducibility (R&R) study.
Nearly all requirements mentioned in EN 13230
were analyzed. The results were given in Table 3
and the method was summarized and
demonstrated in Table 4 and 5. Table 4 and 5
represent an example of the conicity
measurement results at the rail seat section. There
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surveyors measured ten prestressed concrete
samples two times separately according to EN
13230. The averages and the ranges were
calculated in Table 4 and then the measurement
system and the surveyors were discussed (Table
5). The measurements and the results were
discussed according to percentage of repeatability
and reproducibility (R&R) values [9].
e If %R&R < %10 “The measurement system
is acceptable”
o If %R&R < %30 “The measurement system
is conditionally acceptable”
o If %R&R > %30 “The measurement system
is suitable”
o If %EV > %AV “The problem is with the
measurement system”
o If %EV < %AV “The problem is with the
surveyors”
At the rail seat section area, the results for
conicity were find as: %R&R = %27.1, %EV =
%25.5, %AV = %9.2. The result for the conicity
was found as “The measurement system is
acceptable” (Table 5).
If the result was unacceptable, the measuring
system might be checked and calibrated again. In
case of any improvement on results then a new
measuring system must be used for the test. If the
problem was with the surveyors, the surveyors
might be checked while they were testing the
products. If required, the surveyors must be
trained.

Table 3. Gauge R&R results for prestressed concrete

sleepers
No Definition Gauge R&R Result

1. Overall length of the acceptable
concrete element.

2. Top and bottom width of the acceptable
concrete element.

3. Depth at any position along acceptable
the total length

4. Distance between the rail conditionally
fastening gauge points. acceptable

5. Position of the rail fastening acceptable
gauge point

6. Total length of reinforced acceptable
concrete block.

7. Inclination of the rail seat. conditionally

acceptable

8. Plainness of each rail seat acceptable
area

9. Relative twist between rail conditionally
seats acceptable

10. Mass of the sleeper acceptable

11. Design approval test acceptable

12. Rutin test acceptable

13. Wire coordinates acceptable

CONCLUSION

The adequate requirements must be taken during
the manufacturing process to get the desired
performance from the prestressed concrete
sleepers. It is wise to check the sleepers not only
after the production phase also during the all
manufacturing processes to increase the quality.
The followings given below must be considered
for a high quality sleeper production system:

e Producing the sleepers according to the
standards helps an economical production.

e It is possible to increase quality of the
sleepers by analyzing the measured data on
the sleepers during the manufacturing
processes.

e The statistical techniques must be used for a
high quality management system.

e The relevant methods analyzing the all
parameters affecting the quality must be
chosen to evaluate the produced sleeper.

In this study, gauge repeatability and
reproducibility method was chosen to evaluate
the measuring system, the product and the
appraisers. The adequacy of a gauge capability
study is critical to studying the statistical-control
characteristics of the prestressed concrete
sleepers. The findings were found to be useful to
check parameters affecting the prestressed
concrete sleepers and the required precautions
were taken on the base of the results.
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Table 4. Gage repeatability and reproducibility data collection sheet

Appraiser/Trial Part Avarage
1 2 3 4 5 6 7 8 9 10
1. A 1 2890 | 2910 | 2930 | 2.950 | 2.820 | 3.050 | 3.030 | 3.100 | 3.070 | 2.750 2.950
2. 2 2870 | 2.910 | 2.900 | 2.950 | 2.750 | 3.010 | 3.050 [ 3.150 | 3.110 | 2.860 2.956
3. 3
4. Avar X =295
288 | 291| 292| 295 279| 303| 304| 213| 309 | 281 | Ko =2953
5. R R —
N M8 | 002| 000| o003| oon| oor| oo4| o002| oos| ooa| ni1|Ra=0038
6. B 1 2900 | 2910 | 2.950 | 2.990 | 2.810 | 3.040 | 3.050 | 3150 | 3.110 | 2.900 2.981
7. 2 2.890 | 2960 | 2.930 | 3.000 | 2.830 | 3.000 | 3.010 | 3.090 | 3.090 | 2.880 2.968
8. 3
9. Avar. X, =2975
290 294 294 3.00 282 3.02 3.03 3.12 3.10 289 | “*b
10. Range o
% | 001| 005| 002 001 002| oo4| co4| 008| 002| oo2| Ry =0e»
11. € 1 2880 | 2.040 | 2.940 | 2.970 | 2.810 | 3.080 | 3.070 [ 3.100 | 3.080 | 2.860 2.973
12. 2 2850 | 2640 | 2.620 | 2.960 | 2.780 | 3.000 | 2.030 | 3120 | 3.090 | 2.870 2.960
13. 3
14. Avar. i =2967
2885 | 2.040 | 2.930 | 2.965 | 2.795 | 3.040 | 3.050 [ 3.110 | 3.085 | 2.865 e T~
15, Range R =002
0.010 | 0.000 | 0.020 | 0.010 | 0.030 | 0.080 | 0.040 | 0.020 | 0.010 | 0.010 e -
16. Part > _ _
Avara. A =2965
X, R, =0318
2887 | 2928 | 2928 | 2970 | 2.800 | 3.030 | 3.040 | 3.118 | 3.092 | 2.853
17. R =0.030
(R, +R, +R,)/ Number of Appraisers=
18- _ _ X p =00215
(MaxX — MinX) = -
19.
= UKL:=0.098
RaD, = ®
20.
= AKLz=0
RxD; =
D+=3.27 for 2 trials and 2.58 for 3 trials. UCLz represents the limit of individual R’s. Circle those that are beyond this limit. Identify the
cause and correct. Repeat these readings using the same appraiser and unit as originally used or discard values and re-average and
recompute R and the limiting value from the remaining observations.

Table 5. Gage repeatability and reproducibility report

‘Gauge analysis % Total Variation (TV)
Repeatability — Equipment Variation (EV)
EV = RxK, %EV=100(EV/TV)
R= 0030 Trials K1
Kl= 4.56 2 4.56
EV= 0.137 3 3.05 % 255
Reproducibility — Appraiser Variation (AV)
%AV=100(AV/TV)
K2= 27
‘ Appraisers ‘ 2 ‘ 3
AV= 0.049  [K2 | 3.65] 27 % 9.2
Repeatability & Reproducibility (GRR)
R&EP=ANEV +4V" = 9%R&R=100(R&R/TV)
Parts K3 Measuring system is acceptable
2 3.65
R&R= 0.15 3 27 % 271
Part Variation (PV) 4 2
PV = RpxK; 5 2.08 | %PV=100(PV/TV)
6 1.93
7 1.82
K3= 162 8 1.74
9 1.67
PV= 0.516 10 1.62 % 96.2
Total Variation (TV)
f 2 2
TV =vR&R" +FPV nde=1.41(PV/R&R)
V= 0.536 5.0
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TYPIIUASA

Kniouoseu oymu: npeosapumenno HanpecHamu OemOHOSU MPAGepCu, AHAIU3 HA USMEpUmenHume
cucmemu, NOBMOPAEMOCH, 6b3NPOUIEOOUMOCHI.

Peztome: Bce noseue ce ygenuuasa mvpcenemo Ha Jcese30nbmuu npoekmu no cgema. 1oéa mvpcene
CHUWO MAaKA YBenU4asa MmuvpCeHemo Ha JHCene30NbmHa UHGPACMPYKMypa U KOMHOHEHMU 3a 2OPHO
cmpoene, Koumo ca banacm, peicu, mpaeepcu u cucmemu 3a cevp3eane. llpu 6anracmosus nvm
pencume ce onupam Ha mpasepcu u 3ae0Ho obpasysam copHomo cmpoere. Kamo ysano 3a pencosu
NBMUWaA ce U3NOA36Am mpasepcu om 0vpeo, bemon u cmomana. bemonosume mpasepcu ca eadicen
efleMenm Ha 2OpHOMO CmpoeHe U umam Cheyuuunu npeoumMcmed, KOumo ca mescecm, Obibe
eKCnI0amayuoHer  JHCUgom, 201aMa c60600a HA NPOEKMUPAHEmO U CPAGHUMENHO JNeCHO
npouseoocmeo. Ilpou3eo0cmeomo u WUpOKOMO U3NOA36AHe HA NPedsapumenHo HanpezHamume
bemonosu mpagepcu 3anoyéa ¢ Gb3HUKEAHEMO Ha 6GemoHnoeume mexHonozuu. Ilpedeapumento
HanpezHamume OeMOHOBU MPAGEPCU OCULYPABAM NO-BUCOKU CKOPOCMU U NO-20JIAMO OCO80
Hamosapeane Ha dcenezonvmuume aunuu. Cnedosamenno u3Cie08anuama 3a Onpeoenane Ha KOHMmpo
Ha Kayecmeomo mpsabea 0a ce uzebpuieam no epeme Ha Hpoyeca HA NPouU3B00CME0 Ha OemoHO8U
mpaegepcu 3a NOCIMUeane Ha JHceNanume pesyamami.
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