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Abstract. Identifying the contribution of each part of a railway to total lateral resistance
is considered an important issue in choosing the type of sleeper for providing the lateral
stability of a ballasted railway track. On the other hand, identifying the percentage e�ect
of each part can also help to present new methods for increasing its lateral resistance.
The methodology of this study was based on experimental work in the laboratory. In this
paper, the contribution of each part of the sleeper, comprised of a base, crib and shoulder,
towards total lateral resistance, was determined using STPT tests. In all measurements,
the greatest value of lateral resistance was related to the area under the sleeper (base zone)
and its corresponding values in concrete, steel and wood sleepers were 62%, 56% and 51%,
respectively. The contributions of the shoulder and crib area to lateral resistance were 28%
and 9% for the concrete sleeper, 27% and 22% for the wooden sleeper and 18% and 26%
for the steel sleeper, respectively.
c 2014 Sharif University of Technology. All rights reserved.

1. Introduction

One of the most important hazards for Continuous
Welded Rail (so called CWR) tracks is lateral buckling,
which may be created by various factors such as
increased axial and lateral forces. Lack of the lateral
resistance of a track and consequently the increase in
lateral displacement can cause train derailment and
superstructure damage [1]. Therefore, it is necessary
to identify the factors which inuence the reduction in
lateral displacement of the track and provide lateral
stability. Few studies have been performed on the
e�ects of di�erent parts of a ballasted railway track
on total lateral resistance. Data of lateral sleeper
resistance tests are rarely presented in such a way to
facilitate identi�cation of the separate contributions
of the base, crib and shoulder. Most test results
are unpublished reports held in private companies.
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There are also uncertainties relating to the presence,
or otherwise, of a vertical load during the push or pull
test, which could have a dramatic e�ect on measured
resistance. On the other hand, parameters, such as
the compaction rate of a ballast layer, ballast layer
particles, cleanliness or contamination of the ballast
layer, inuence total lateral resistance [2-6]. As an
example, the results of a UK railroad research done
by Shenton and Powell [2], which tried to determine
the lateral resistance of sleepers under di�erent rail-
road conditions, can be found in the design manual
AREMA [6], and the results of experiments by Le
pen [7], Dipilato et al. [8], Selig et al. [9] and Kabo [10]
can be referred to. These results are expressed in a
separate section below. The research method of this
paper is based on an experimental investigation. For
this purpose, in the School of Railway Engineering at
Iran University of Science and Technology, a number
of experiments were performed. In these experiments,
the single sleeper push test (so called STPT) was
used. In all experiments, a special process was
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applied to the same testing conditions, as explained
later.

Also, in this paper, the percentage e�ects for dif-
ferent parts of a sleeper (sleeper base, crib and sleeper
end with ballast shoulder (sleeper shoulder)) on the
lateral resistance of a track were investigated in three
types of sleeper: ordinary concrete, steel and wood.

2. Literature review

The total resistance of sleepers consists of three parts:

a) Underside friction resistance (base zone): this is the
resistance at the base of the sleeper which depends
on friction between the ballast and the underside of
the sleeper and, therefore, on the friction value and
vertical load (normal force).

b) Crib resistance of sleeper: this is the resistance at
the crib area of the sleeper, derived from active
ballast pressure, in accordance with the classic
soil pressure theory. This pressure depends on
the height of the embankment, the density of the
granular material and the coe�cient of friction
between the granular material (ballast).

c) The shoulder resistance (ballast shoulder): this
is equivalent to the passive earth pressure of soil
mechanics [11,12].

In order to obtain the contribution of di�erent parts
of the sleeper, a few studies have been undertaken as
�eld and laboratory research. All these studies have
been limited to only one range for each part. However,
the mechanical and geometrical properties of a track
and its components can a�ect the results [13,14]. Some
of these studies are listed in the following Tables 1-
3. According to Table 1, Dipilato et al. [8] obtained
the relative e�ect of components in lateral resistance
for two cases of loaded and unloaded tracks. It was
observed that the largest portion of lateral resistance
was related to the base zone, and, subsequently, crib
and shoulder zones. On the other hand, lifting up in
front of the wheels presented quite di�erent results.
The e�ect of base zone on total resistance and the
other two components reduced and increased, respec-
tively [8].

Table 2 presents a comparison of lab results (Le
pen (2010)) with ERRI results (1995). In this table,
ERRI used the data from an ORE to show total lateral

Table 1. Relative e�ect of sleeper components in lateral resistance of sleeper.

Lateral resistance force Percent of the total resistance
Loaded railway Unloaded railway

Ballast bed/base 90-100 50-60
Ballast bed/crib 0-5 10-20
End-resistant of sleeper 0-5 30-40

Table 2. Comparison of lab results of Dr. Lepen with ERRI result (1995).

Shoulder
size

extent by
height
(mm)

Shoulder
(2-20 mm

mean)

Crib
contribution

(2-20 mm
mean)

Unloaded
track base

contribution
(mean peak H/v

ratio up
to 20 mm

displacement
� weight
of sleeper
and rails:

0:55� 3755)

Total
(N)

Total
resistance
estimated

from
ERRI data
for median
estimate
for loose

tamped/relay
(N)

Di�erence
in total

resistance
relative to
ERRI data

(%)

(N) (%) (N) (%) (N) (%)

200 899 15 2935 50 2065 35 5900 5485 8
300 2150 30 2935 41 2065 29 7151 5900 21
400 1973 28 2935 42 2065 30 6974 6315 10
600 2317 32 2935 40 2065 28 7318 7145 2

400� 125 2976 37 2935 37 2065 26 7977 7353 8
Explanation: The last row of the �rst column is related to additional ballast above the ballast shoulder amount of
125 mm in height.
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Table 3. Result of experiments of lateral resistance of railway in the UK.

Resistance
components

Lateral resistance of
each sleeper (KN)

Type of sleeper

Characteristics of ballast
& Ballast aggregate size
76 mm 38 mm

Dense Loose Dense Loose

Base 1.28 1.03 1.01 1.01 Wooden
2.64 1.83 2.68 2.14 Concrete

Crib 3.9 0.9 1.7 1.01 Wooden
4.56 1.29 1.87 1.11 Concrete

Shoulder
(229 mm)

0.3 0.28 0 8 0.44 Wooden
1.3 0.13 0.51 0.46 Concrete

Total 4.44 2.21 3.51 2.46 Wooden
8.5 3.25 5.06 3.71 Concrete

resistance against the shoulder. Table 2 shows that
experimentally determined resistances are generally up
to 10 percent more than the estimated ERRI resistance
for a loose tamped/relayed track, except for the 300
mm shoulder size (which is considered anomalous) [7,5].

Also, Shenton and Powell (1973) conducted a
detailed investigation into British railways, which was
done to determine the amount of lateral resistance
under di�erent conditions. In this study, according
to type and ballast conditions, the size of the ballast
shoulder at both ends of the sleeper and the ballast
material, a comparison was made between di�erent
values of lateral resistance.

The important results of this study are presented
in Table 3 [2].

Di�erent parts of a sleeper are shown in Figure 1.
These parts are in contact with the ballast layer and
play an important role in the total lateral resistance of a
ballasted railway track. Figure 1 presents the test panel
in the SRE (the superstructure laboratory of the school

Figure 1. Di�erent parts of sleeper (sleeper base, sleeper
crib, sleeper end with shoulder ballast (sleeper shoulder))
that a�ect total lateral resistance of ballasted railway
track.

Figure 2. Sizing of ballast aggregate.

of railway engineering) at Iran University of Science
and Technology.

3. Materials and equipment used in the test

3.1. Type and size of used ballast materials
The applied ballast materials included broken rock
with the sizing in Figure 2.

As can be seen, aggregation was based on leaet
301 of Iran, No. 1, and the ASTM standard (ASTM-
C136) [15,16].

3.2. STPT test
STPT is a standard test to predict the lateral resistance
of sleepers. In this test, interaction between the ballast
and sleeper, ballast weight and the friction between
them causes resistance formation against sleeper lateral
displacement. Of course, the lateral resistance of the
sleeper must not be mistaken for the lateral resistance
of the track.

In this test, the sleeper fastenings are opened
and force is exerted on the sleeper by a hydraulic
jack. Apparatus KS625N is used in this test to
measure sleeper lateral resistance. This apparatus
consists of a processor, a spring gauge to measure
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displacement, a hydraulic jack (oil), an electrical pump,
a chamber of the hydraulic pump and the hose of
pressure transmission from the pump to the hydraulic
cylinder.

The hydraulic cylinder removes the sleeper out
of the track while being situated on the sleeper (by
opening the pandroll fastenings based on the sleeper
shoulder), as it exerts vertical force on the sleeper
body using a steel tip. On the other side, a sensor
is placed on the sleeper (like the connection of the
hydraulic cylinder) and its tip is tangent to the side
of the second rail. It is compressed before loading and
the sleeper displacement is measured versus the track
with sleeper movement and gauge return. Setting of
di�erent parts of the apparatus on the track is shown
in Figure 3 [17].

4. Performing the test and preparing the track
panel

To simulate laboratory conditions with real conditions
for the tests, the process of bearing was used to
form the initial compaction in the ballast layer. Two
bearings of A & B were used, as shown in Figure 4.
Type A and type B were used to bear the ballast layer
before track panel insertion and to bear the crib area,

Figure 3. The setting of di�erent parts of apparatus on
the track.

Figure 4. Rollers used in roller stamping process.

Figure 5. Steel sleeper tests. a: Use of crowbar to
compact the base and crib zone of sleeper; b: Sleeper
tested; and c: surrounding areas of sleeper.

each weighing 24.4 kg, respectively. Initially, in 30 cm
of ballast thickness, bearing A was used to compact
the ballast layer. For this purpose, this bearing was
passed 20 times; then, the track panel was placed on
the ballast layer and the area under the ballast was
�lled by a crowbar, as shown in Figure 5. After the
area base was �lled, the lateral resistance of the track
was measured. Then, the crib area was �lled, bearing
B was passed 20 times and the lateral resistance of the
track was measured. Finally, the shoulder sleeper was
�lled. To do so, according to Figure 5, each of the two
crib areas of the sleeper was divided into 10 sections,
and 10 strikes were exerted onto the 10 cm high point
by the crowbar.

5. Results and discussion

To compare the results from the sleepers, the width
and slope of the shoulder were considered 40 cm and
45�, respectively. In steel and wooden sleepers, speci�c
fastenings were used so that KS625N was inserted. A
sample of these fastenings is shown in Figure 6.

The experimental result was validated through a
comparison with previous experiments performed by
the �rst author [13,14].

Retaining the same geometric properties and
analogous conditions, the same results were obtained.

Experimental results of the lateral resistance of
sleepers are listed in Table 4.

Figure 6. Concrete sleeper tests. a: Using steel plates to
separate di�erent sections of concrete sleeper; and b:
shoulder zone of concrete sleeper.
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Table 4. Results of experiments of lateral resistance of sleepers.

Lateral
resistance of

base zone
(kg)

Lateral
resistance of

crib zone
(kg)

Lateral
resistance of

shoulder zone
(kg)

Total
lateral

resistance
(kg)

Concret sleeper 509 77 232 818
Steel sleeper 383 177 127 687

Wooden sleeper 324 142 174 640

Figure 7. Ballast section: a: base zone; b: crib zone; and
c: shoulder zone.

Figure 8. Wooden sleeper tests: a: innovative fastening
devices used to install strain gage; b, c, and d:
surrounding the wooden sleepers during testing.

5.1. Ordinary concrete sleepers
Each section is separately examined. For this purpose,
steel sheets were used, as demonstrated in Figure 7. As
seen from graphs of Figures 6 and 8, maximum lateral
resistance was related to the base area at 509 kg, which
allocated 62. 22% of the total lateral resistance of the
sleeper to itself. Shoulder and side areas were placed
at the next ranks with 232 and 77 kg of 28.36% and
9.41%, respectively.

5.2. Steel sleeper
Similar to concrete sleepers, the lateral resistance of
the sleeper was assessed in three cases. In the �rst
case, after a 30 cm layer of ballast was compacted with
bearing A, a track panel with a steel sleeper was placed,
and the area under the sleeper was �lled up with the
crowbar, as shown in Figure 9. Due to the curvature of

Figure 9. Percentage of lateral resistance of each part in
total resistance.

the area under the sleeper, �nding the compaction of
the part beneath was more di�cult. The next stages
were �lling the crib area, the bearing and �lling the
shoulder area (similar to the compaction operation of
the ballast layer in the concrete sleeper, according to
Figure 5). According to Figure 8, it can be seen that
maximum lateral resistance was related to the base
area with 383 kg, which was equal to 55.74%. The
contribution of the shoulder and crib area of the sleeper
related to total lateral resistance was calculated to be
about 127 kg and 177 kg, which were equivalent to
18.49 and 25.77 percent, respectively.

5.3. Wooden sleeper
Similar to the operations undertaken in the order of
the test, a wooden sleeper was also used. To do so,
steel sheets were used to compress the ballast before
the test. According to Figure 7, it is seen that the
maximum lateral resistance of the ballast track with
the wooden sleeper was related to the base zone at 324
kg, covering 50.63% of total lateral resistance. The
end part and side part of the sleeper covered 27.19 and
22.19% of total lateral resistance at 174 kg and 142 kg,
respectively. Similar to the concrete sleeper, maximum
lateral resistance was related to the base area, and the
shoulder and side sleeper were the next rankings.

6. Conclusion

Lateral stability in ballast and non-ballast tracks is
believed to be one of the most basic factors in the



106 J.A. Zakeri and A. Bakhtiary/Scientia Iranica, Transactions A: Civil Engineering 21 (2014) 101{107

issue of increasing eet velocity to improve infrastruc-
tures.

The �rst step in increasing lateral resistance can
be the di�erent parts of sleepers and the contribution
of each part to total lateral resistance.

In this paper, the factors inuencing the lateral
resistance of sleepers and the percentage of e�ects were
investigated. The performed tests focused on three
types of sleeper (ordinary concrete, wooden and steel).
Using graphs and the results of the tests, it was evident
that:

1. In all the sleepers, the maximum e�ect in the lateral
resistance of the track was related to the base area,
equalling 62%, 56% and 51% in concrete, steel and
wooden sleepers, respectively.

2. In wooden and concrete sleepers, the end part
of the sleeper (shoulder sleeper) was of second
priority, with 27 and 28%, respectively, while the
side part of the sleeper had a greater e�ect versus
the shoulder sleeper, equalling 26%. The reason
can be attributed to the sleeper shape and the
friction formation in two internal and external u-
cross sections of the steel sleeper.

3. The minimum value of the lateral resistance of
concrete and wooden sleepers was related to their
side part, equalling 9% and 22%, respectively.

4. The contribution of the steel sleeper from its end
part was about 18%. The presence of a slope and
the lack of enough surfaces in the end of the steel
sleeper helped to reduce its e�cacy.

5. From the quantitative values, it can be concluded
that increasing base resistance is more reasonable
for increasing lateral resistance. This can be
realized in changing the base area from smooth to
rugged (friction sleeper) in concert sleepers, using
sleeper anchoring in wooden sleepers and hardeners
in steel sleepers.
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