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ABSTRACT. In recent times, the shape of the beams evolved from wooden W—
sleepers and then to steel sleepers until they reached concrete sleepers. These '
sleepers play a significant role in transferring the loads from the train wheels
to the subgrade layers fixed by the railway. This development took place in
concrete sleepers until we reached mono-block concrete sleepers. This paper
discusses, through laboratory experiments, the effect of ultra-high
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performance concrete mixtures on the behavior of mono-block concrete
sleeper B70. The ability of these new sleepers to resist train loads was also
studied compared to its conventional concrete sleepers. This research aimed
to determine through experiment if these sleepers' behavior fulfilled the
European requirements standers for prestressed concrete sleepers and make
comparisons between the UHPC sleepers and conventional concrete sleepers.
These sleepers were tested under static load tests at the rail seat and center
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section and pull-out tests for cast-in fastening components. These initial
results suggest that a new generation of Ultra-high performance concrete
sleepers can be created; the long-term efficiency of this category of sleeper
will need to be confirmed by dynamic and fatigue tests and practical use.

KEYWORDS. Railway sleeper; Ultra high performance concrete (UHPC).

INTRODUCTION

ransportation is an essential means in developing societies. And one of the most important of this transportation is
the railway network. It is considered the most effective means of transporting passengers and goods. These days,
the railway connects cities in the same country. It also links countries and intertwines networks of a state with those
of its neighbors, and often we find an entire continent linked by a great network of railways. This research focuses on the
ballasted railway tracks, which have extensively been constructed in Egypt. Railway components can be divided into two
main parts: substructure and superstructure. Subgrade and ballast are components of substructure; in addition, rails, rail
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pads, fastening systems, and railway concrete sleepers are components of the superstructure [1,2]. Fig.1 shows the main
components of a rail track system.

wheel
rail

sleeper B70
ballast

Z

The sleepers play an essential role in stabilizing railway components. It resists the lateral and longitudinal loads caused by
moving rolling stock over the railway [3]. There are three main types of sleepers; timber sleeper, steel sleeper, and concrete
sleeper. The most common sleeper material was hardwood timber, which was also the first to use in railway networks. At
this time, the average number of timber sleepers used in the railways could reach up to 2.5 billion for worldwide [4]. On the
other hand, it has many Disadvantages like; Exposure to wear and tear, which leads to a shortening of its useful life, easily
exposed to fire hazards, and difficulty to preserve the gauge [5]. In addition, the use of steel sleepers is limited for the
following reasons; increasing the steel cost, being liable to corrode, the difficulty of maintenance, and sensitivity to chemical
attacks [5,0].

Recently, concrete sleepers are becoming more popular in the railway field, especially prestressed concrete sleepers [3].
However, they have gradually replaced timber and steel sleepers [7]. On the other hand, concrete sleepers have a longer
lifespan than their wooden sleepers counterparts, reaching 50 years [8]. Concrete sleepers are an excellent choice for a variety
of reasons. The heavyweight for the concrete sleeper adds to the track's strength and stability. They keep track in better
gauge, cross-level, and alignment. They are poor conductors of electricity, and in most cases, they can be produced by using
locally available resources [5]. Now, most studies focus on improving the design of concrete mixes to improve the behavior
of concrete sleepers and to rise their design life [9,10].

Over time, the forms of concrete mixture developed to obtain concrete with high compressive and flexure strength until
studies reached ultra high performance concrete. UHPC typically contains cement, silica fume, fine sand, high-range water-
reducing admixtures, and water binder ratios (w/b), generally ranging between 0.15 and 0.25 [11]. Ultra high petformance
concrete (UHPC) represents the main step forward when compared to traditional normal strength concrete (NSC) and high
strength concrete (HSC) due to the achievement of very high strength and very low permeability [12]. Moreover, UHPC is
promising in significantly improving detetiorating concrete structures' structural strength and durability. This is due to the
material's resistance to environmental degradation and high mechanical loading [13]. The main principles of UHPC mix are
(i) improvement homogeneity; (ii) improvement compaction; (iii) improvement of the microstructure by heat treatment; (iv)
improvement ductility; (v) mixing and casting procedures as close as possible to existing practice [14]. Because of the high
cost of producing UHPC, part of the cement quantity can be replaced by some industrial by-products such as ground
granulated blast-furnace (GGBS) and silica fume (SF). Yu [15] developed the UHPFRC with different mixtures by different
amounts of cement, GGBS, and silica fume. Tayeh [16] used UHPFRC as a trepair matetial using 768 kg/m? cement and
192 kg/m? silica fume. Generally, UHPC has a unique combination of high strength, ductility, and durability properties
compared to all the other types of concrete [17].

Despite successful UHPC research and applications in the concrete construction sector, current guidelines have yet to
provide a standard norm. The recommendations are still in their eatly stages due to limited literature in the railway field.
The present study investigates the manufacture of B70 sleepers with ultra high performance concrete and comparison with
the traditional concrete mix for the same sleepers. This study is based on the common approach of sleeper manufacture in
Egypt. Three tests were carried out on B70 sleepers under optimized laboratory conditions, the positive bending moment
under the rail seat, the negative bending moment at the middle span of sleeper, and the pull-out test following the European
standard to verify the suitability of these new sleepers [18,19].

Figure 1: Components of ballast track.
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TECHNICAL SPECIFICATIONS OF B70 CONCRETE SLEEPERS

sleepers have the length and gauge 2400 mm and 1435 mm, respectively. However, they have a cant of 1 in 20 at

the rail seat section surface to set the rail UIC 54. In addition, they are prestressed with four wires, which diameter
and length are (9.4 — 2337) mm, respectively, according to the European standard [20]. Moreover, the approximate weight
is 260 kg, and the Supporting Surface Area is 6220 cm? The Geometrical dimensions of the mono-block sleeper B70 are
presented in Tab. 1. Moreover, a schematic of the shape of a concrete B70 sleeper is given in Fig. 2.

T he mono-block sleepers (B70) with Vossloh W14 rail fastening and rail type UIC 54 are used in this research. These
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Figure 2: Geometrical dimension of mono-block sleeper B70 (unit: mm): (a) front view; (b) top view.

Sleeper geometry B70 sleeper
Length 2400mm
Width at the sleeper end 300mm
Width under rail seat axis 275mm
Depth under rail seat 214mm
Width in center 220mm
Depth in center 175mm
Rail seat cant 1in 20
Rail seat center spacing 1518mm
Weight 250-260kg

Table 1: Technical specifications of B70 concrete sleepers.
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FABRICATION OF SLEEPERS

Traditional concrete mix of sleepers
iegwart factory in Egypt produces mono-block concrete sleepers (B70) with conventional concrete. Mono-block
S concrete B70 contains ordinary Portland cement with high grade (42.5R) 400 kg/m3. Moteovet, it has contained
yellow 509 kg/m? sand with a maximum particle size of 5mm. In addition, it has three sizes of dolomite; size 5/11 =
312 kg/m3, size 11/22 = 309 kg/m?, and size 22/30 = 315 kg/m?. It contains water from 100 to 120 L/m?3. Comptessive
strength for standard cube 15 c¢m is for 7 days minimum 35 MPa and for 28 days minimum 50 MPa. Tab. 2 shows the
material properties. Fig. 3 shows the material for this mix.

Materials Type Specific density (kg/m?)
CEM1425N 3280
Cement
CEMI525N 3150
Fine sand Micro sand 2720
Sand 0-2 2640
Coarse sand
Sand 0-5 2530
Silica fume Micro silica 2200
superplasticiser Polycarboxylate ether 1050

Table 2: Data of material.

© @
Figure 3: Material for traditional mix. (a) dolomite 0/5; (b) dolomite 5/11; (c) dolomite 11/22; (d) yellow sand.

Mix design of UHPC specimens

In this research, the mix design of ultra high performance concrete depends on the mix of Yu [21], which presented the mix
design based on the particle packing theory (Andreasen and Andersen (A&A) model and the modified A&A model). This
mixture is the following, (i) Otdinary Portland cement with high grade 52.5N with 874.9kg/m?; (ii) Micro sand with
maximum particle size Imm with 218.7kg/m?3; (iif) Friction sand with maximum patticle size 2mm with 1054.7kg/m3; (iv)
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silica fume with 43.7kg/m3; (v) water with 202.1 kg/m3; (vi) superplasticiser with 45.9 kg/m?3. Noted that Sika Fume-HR
and Sikament 163M were used in this research instead of micro-silica and superplasticiser, respectively from Sika supplier
in Egypt. In this research, the two mix designs used to cast conventional concrete and UHPC sleepers are shown in Tab. 3.
Fig. 4 shows the material for the UHPC mix.

In this study, the mixing procedure to get UHPC mix follows the steps shown in [15,21]:

Dry mixing is accomplished by placing all powders and sand fractions in the mixer for roughly 30s at low speed.
After ensuring an overlap of all powder, put 75% of water in the mixer.

Mixing for the 90s at low speed, then stopping the mixer for 30s.

After that, put the remaining water and all amount of SP at low speed for 180s.

Finally, make the mixer at high speed for 120s, then note that concrete converts from a dry case to a thick paste.

Materials NC (kg/m?) UHPC (kg/m’)
CEMI1525N - 874.9
CEMI1425R 400 -
Dolomite 5/11 312 -

Dolomite 11/22 309 -
Dolomite 22/30 315 -
Micro sand - 218.7
Sand 0-2 - 1054.7
Sand 0-5 509 -
Silica fume 43.7 437
Sikament 163M 45.9 45.9
Water 120 202.1

Table 3: Mix design.

@ S T ©
Figure 4: Material for UHPC mix. (a) Cement; (b) Silica fume; (c) Sikament 163M; (d) Micro sand; (¢) Yellow sand.
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Production processes of sleepers

The mono-block sleepers are casting on the special steel mold shown in Fig. 5(a). Before casting, preparatory steps are taken
to prepare the molds. First, the molds are lubricated. Second, the four wires are covered with plastic ducts. Third, these
wires are attached to the anchor plate by dowels. Fourth, these wires are fixed to molds. Finally, the molds are ready for
casting. The casting was done in layers and used the vibrator for the 30s to ensure full compaction for concrete. After the
completion of the casting, the treatment is carried out through the steam room, as the traditional concrete sleepers are
placed in those rooms for 8 hours under 550c temperature as following EN 13230-1 [22], while the UHPC sleepers were
placed for 24 hours under the same temperature as following to Zongyun [23]. After steam curing, the sleepers demolded
from molds and were air-cured for an additional 24h. Then, prestressing forces were applied with 250 kN for each wire.
The compressive strength values at 7 days and 28 days for the two mixes of conventional concrete and UHPC are shown
in Fig. 6. Tab. 4 shows the compressive strength at 28 days with different mixes from different references, which had the
same components in this research in different proportions.

Figure 5: preparation method; (a) Lubrication the form; (b) covering wires; (c) anchor plate and nuts.
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Figure 6: Compressive strength.

Compressive strength (MPa)
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o Limestone Compressive
Cement Silica fume Water
Reference (ke/m?) (kg /m?) powder (kg/m?) strength at 28
& & (kg/m?) & days (MPa)

Spiesz [15] 868.8 25 - 178.8 120

Qian [24] 400 200 500 200 105

Alani [25] 1080 - - 184 138

Reddy [26] 800 200 - 200 120

Yu [27] 594.2 24.8 265.3 176.9 100

Table 4: Comparison of compressive strength.

TEST SETUP AND PROCEDURE

Regquirement for performance tests
everal structural tests were carried out to verify the new structural design of UHPC sleepers following EN 13230-2
and EN 13481-2 [18,19]. Using Eqns. (1) and (2) to get Fro and Fco, which are the reference tests loads at the rail
seat section and the center section of the sleepers, respectively. Fro was calculated by applying the design positive
moment for the rail seat section (Mgr+). The design distance between the center of the rail seat section and the end edge of
the sleepers, L, is 0.441 m, which is in the range of 0.4 < 1,< 0.449, so the L is 0.5 m as defined in EN 13230-2 [18]. While
Fcon was calculated by applying the design negative moment for the center section (Mgc.). In addition, the design distance
between the centers of the rail seat section, L is 1.5 m.

4M 4x13

Fry=—4+ = =130KN 1)
L -01 05-0.1
AM,  4x10

Foy, =—te = 22 _ 08 6KN ©
L-01 15-01

Considering a 240 kN axle load, 140 Km/h of train speed, and a sleeper spacing of 0.6m according to the Egyptian National
Railways (ENR), Mg+ and Mg were calculated to have values of 13 kIN*m and 10 kN*m, respectively, according to UIC
713R and EN 13230-6 [28,29]. Moreover, the static coefficients (kis and kas) can be found in UIC 713R and EN 13230-6
[28,29]. Fr; and Fc., are the loads when the initial crack begins at the rail seat section and the center section, respectively.
Fro.0s and Fro 5 are the maximum loads' when a crack width becomes 0.05 mm and 0.5 mm at the rail seat section, respectively.
Frp and Fcp, are the failure load at the rail seat section and the center section, respectively. Py is a tensile load that should
not exceed 60 kN, and P is the maximum load at which the screw is removed from the sleeper according to EN 13481-2
[19]. All calculated structural requirements for each sleeper location are summarized in Tab. 5 to evaluate sleepers.

Test items location Requirements
Static bending test Rail seat section Fr, > Fro = 130 kN
Fro05 > kis X Fro = 1.8 x 130 = 234 kN
Frp > kos X Frp = 2.5 X 130 = 325 kN

Center section Fc, > Fegn, = 30 kKN
Fcpg > ks X Feoa = 2.5 X 30 = 75 kN
Pull out test Rail seat Pe> Py = 60 kN

Table 5: Performance criteria of sleepers.

Static bending test at rail-seat section

As known, the train load is directly applied through the rail and rail pad to the sleepers, so the rail-seat section should have
adequate load resistance performance. For this purpose, three sleepers from each variable mix were carried out for the
positive bending moment at the rail seat section according to EN 13230-2 [18]. A static bending test at the most critical
section of these sleepers can investigate the impact of UHPC mix on traditional concrete sleepers. As shown in Fig. 7(a),
the concrete sleepet's specimens were supported on plate supports and resilient pads with a center-to-center span length,
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L:, of 500 mm. The load was applied through the steel plate and rail pad, which was used to supply a uniform stress
distribution at the top surface of the sleepers and to avoid local failure. A load cell with a capacity of 1000 kN was used to
measure the applied load. Three linear variable differential transformers (LVDT) were installed on the sleepers. One of
them was installed underneath the sleepers to measure the displacement at the rail seat section, and the other two LVDT
were installed on the up and down of the sleeper to measure the width of the crack with an accuracy of up to 0.001 mm, as
shown in Fig. 7(a). The load was applied according to EN 13230-2, and the loading protocol is shown in Fig. 7(b) as a
present by Yang et al and Yoo et al [18,30,31]. The loading protocol was divided into 3 steps. First, increase the load with a
load rate of 120 kN/min until reaching the Fro load. Second, the load was increased by 10 kN for each step until it reached
the first crack formation, Fr.. Third, the load was increased by 20 kN for each step until it reached the ultimate failure load
at the rail seat section, Frp. At steps 2 and 3, all the crack propagation and widths were measured by LVDT [30].

Steel plate

— Rail pad

=

.

g

Fr

Steel plate
\:‘l‘ Rail pad

S e
i i ]

Sleeper B70 i DT
!
I ‘ q / Resilient pad

'__‘ LvVDT —_— * I:—L/ Steel Support

O

Lr/2 Lr/2

e (b)

Load 4
FI‘B e

Crack width measurement

Fr,
i i
Fro —1- L — Frg > 2.5xFr
\ 30 sec Fr.> Fry
120 kKN/min Fro= 130 KN
Time
©

Figure 7: Static bending test at rail seat section: (a) test setup; (b) test setup sketch; (c) loading protocol [30,31].
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Static bending test at center section

To investigate the static performance at the center section of the sleepers and to confirm the consistency of the fabrication
of the UHPC sleepers, two sleepers from each variable mix were carried out for the negative bending moments at the center
section according to EN 13230-2 [18]. As shown in Fig. 8(a), a sleeper was reversely seated on two supports and resilient
pads with a center-to-center span length, L., of 1500 mm. From eq. (2), the negative initial reference test load for the center
section, Fco, was found as 28.6 kN. As in the previous test, three linear variable differential transformers (LVDT) were
installed on the sleepers. One of them was installed in the middle under the sleeper to measure the mid-span deflection
during the test, and the others were installed on the up and the down width of the sleeper in the middle span of the sleeper
to measure the crack width, as shown in Fig. 8(a). The load was applied according to EN 13230-2, and the loading protocol
is shown in Fig. 8(b) [18]. The loading protocol was divided into 2 steps. First, the loading was applied up to Fcon with a
120 kN /min loading rate. Second, the load was increased by 5 kN for each step until it reached the first crack formation,
Feum, and continued increasing until the center section no longer supported it, Frg.

Sleeper B70

| LVDT Steel Support i Resilient pad
] |
7 ” >
(b)
Load A
FCBn_ """"""""""""""""""
Crack width measurement
i 5 kN
Fcrn I ey A i E
]
y SKkN 30 gec
Femt-——7—
] 1
-~
30 sec Fcg, > 2.5xFcpy,
\ Fcrn > Fcl)n
120 kN/min Fcy, = 28.6 kN

Time
(©

Figure 8: Static bending test at center section: (a) test setup; (b) test setup sketch; (c) loading protocol [30,31].
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Pull-ont tests of fasting system

The rail fastening system is based on the connection between the screw and the plastic dowel, which bonded to the concrete
sleepers. However, it is known that during operation, the collapse of the plastic dowel and the uplift of the screw is observed.
Therefore, the pull-out test was carried out following EN 13481-2 [19]. The uplift load protocol applied as follows: (1) the
screw was loaded upwards by a vertical force using a hydraulic jack until the force reached 60 kN; (2) the load was preserved
for three minutes, and the sleeper was checked for cracks; (3) The load was increased until reach the stage of collapse or
pull-out of the screw. knowing that the lifting loading rate was 50 + 10 kN/min. The test setup is shown in Fig. 9 as a
present by EN 13481-2 [19].

— High strength rod

Load cell

<— Hydraulic jack

Figure 9: Pull-out test setup.

EXPERIMENTAL RESULTS

Static bending test at rail-seat section
T he applied load versus midspan deflection responses for all sleepers (three sleepers for each variable) are shown in
Fig. 10. During the bending test, the relationship between applied load and the crack width be recorded and
presented in Fig. 11. At the end of the test, the failure modes of the sleepers are clarified in Fig. 12 and 13. However,
the failure modes and the test values are also summarized in Tab. 6. Furthermore, the failure modes and the result value
were varied, even though all three sleepers were designed to have the same capacity and materials. That's because the
complex stress distribution in the short spans made resulted in different failure modes [30].
The three specimens of normal concrete sleepers (SN series) exhibited the first crack at the range from 242.4 kN to 258.3
kN and resulted in failure loads ranging from 362.7 kN to 374.6 kN. At the peak load, specimen no.1 exhibited a sudden
drop in load because of the compression failure at the top of the sleeper and the shear failure under the loading plate at a
deflection of 15.87 mm, as shown in Fig. 10(a) and 12(a). However, specimen no.2 had a higher failure load compared with
the other specimens for the same series until a deflection of 18.2 mm, followed by a drop in the load due to the failure at
the edge of the sleeper as shown in Fig. 10(a) and 12(b). In addition, Specimen no.3 had the lower load compared with the
other two specimens until a deflection of 15.5 mm and exhibited a sudden drop in the load with the formation of a flexural-
shear crack.
On the other hand, the three specimens of UHPC sleepers (SO series) exhibited the first crack at the range from 255.7 kN
to 287.9 kN and resulted in failure loads ranging from 420.15 kN to 424.32 kN. The collapse shape of the first sample in
this group was the same as the collapse of the first sample in the previous group, as shown in Fig. 13(a), but it had a
maximum failure load of 424.3 kN at a deflection of about 19.8 mm as shown in Fig. 10(b). However, specimens no.2
exhibited a sudden drop in load because of a flexural-shear failure at a deflection of 12.1 mm, as shown in Fig. 10(b) and

13(b). Specimens no.3 had the same failure shape as Specimens no.1 with a maximum deflection at the group 22.7 mm, as
shown in Fig. 10(b) and 13(c).
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Figure 10: Load versus deflection responses for static bending test at rail seat section: (a) SN; (b) SO.
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Figure 11: Load versus crack width responses for static bending test at rail seat section: (a) SN; (b) SO.
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Figure 13: Typical failure modes of UHPC concrete sleepers at rail seat section: (a) SO-No.1; (b) S0-No.2; (c) SO-No.3.

Sleeper crl:(lzfi;g Failure load
series Number Fr. > 130 Frp > 325 Failure mode
kN kN
SN No.1 2515kN  370.06 kN Shear and compression
failure
No.2 242.4 kN 374.62 kN Failure at the edge
No.3 258.3 kN 362.71 kN Flexural-Shear failure
Avg. 250.73 kN 369.13 kN
S0 No.1 2645kN 42432 kN Shear and compression
failure
No.2 287.9 kN 421.15 kN Flexural-shear failure
No.3 2557kN  420.15 kN Shear and compression
failure

Avg. 269.4 kN 422.05 kN

Table 6: Results of static bending test at rail seat section.
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Static bending test at center section

The applied load versus midspan deflection responses of a set of two sleepers for each variable are shown in Fig. 14. During
the test, the thickness of the cracks resulting from the loading is recorded in Fig. 15. The failure modes of the specimens
are clarified for each variable in Fig. 16 and 17. The test result and the failure modes are summarized in Tab. 7.

The normal concrete sleepers (SN series) revealed the first crack at an average load of 51 kN, and the failure loads average
91.6 kN at the static bending test at the center section. The failure mode shape for specimen no.4 was the flexural-shear
cracking with concrete crushing at the top of the center section at failure load 89.1 kN with a maximum deflection at
midspan of the sleeper was 40 mm as shown in Fig. 14(a) and 16(a). However, specimen no.4 had a failure load of 94.1 kN
with a maximum deflection at midspan 35.8 mm, as shown in Fig. 14(a). In addition, the failure mode shape for specimen
no.5 was the flexural-shear cracking with bond splitting along the strand and with concrete crushing at the end edge of the
sleeper around the wires, as shown in Fig. 16(b).

On the other hand, the two specimens of UHPC sleepers (SO series) exhibited the first crack at the average 63 kN and
resulted in failure loads in an average of 106.7 kN. The failure mode shape of the first sample in this group was the same as
the collapse of the second sample in the previous group, as shown in Fig. 17(a), but it had a maximum failure load of 109.2
kN at a deflection of about 39.5 mm as shown in Fig. 14(b). However, the failure mode shape for specimens no.5 was
flexural-shear cracking in addition to the wire exit out from its position at maximum load 104.2 kN with deflection of 45
mm, as shown in Fig. 14(b) and 17(b).
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Figure 14: Load versus deflection responses for static bending test at center section: (a) SN; (b) SO.
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257



S. Abmed et alii, Frattura ed Integrita Strutturale, 60 (2022) 243-264, DOI: 10.3221/IGF-ES15.60.17 z

258



8. Abmed et alii, Frattura ed Integrita Strutturale, 60 (2022) 243-264; DOI: 10.3221/IGF-ESIS.60.17

®)
Figure 17: Typical failure modes of UHPC concrete sleepers at rail seat section: (a) SO-No.4; (b) SO-No.5.

Sleeper series  Number

SN No.4
No.5
Avg.
SO No.4
No.5
Avg.

First cracking  Failure load

52 kN
50 kN
51 kN
66 kN
60 kN
63 kN

Fc,>30kN  Fcpg > 75 kN

89.1 kN
94.12 kN
91.61 kN
109.18 kN
104.16 kN
106.67 kN

Failure mode

Flexural-shear cracking with concrete crushing

Flexural-shear cracking with bond splitting along the strand

Flexural-shear cracking with bond splitting along the strand

Flexural-shear cracking with concrete crushing

Pull-out tests of fasting system

Table 7: Results of static bending test at rail seat section.

The pull-out test results for the rail fasting system summarizes in Tab. 7. During the test, the tension load versus screws exit
distance for two sleepers for each variable are shown in Fig. 18. Fig. 19 shows the failure shape of the sleepers after the
pull-out tests. All the sleepers had no cracks at load 60 kN of the pull-out tests and were maintained for three minutes. For
normal concrete sleepers, the tensile failure happened at an average load of 112.6 kN with a maximum average displacement
for the screw was 18 mm, as shown in Fig. 18(a). On the other hand, for UHPC sleepers, the tensile failure happened at an
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average load of 107.6 kN with a maximum average displacement for the screw was 31.2 mm, as shown in Fig. 18(b). In
addition, the failure shape for normal concrete was confined to the existence of the plastic dowel from its position, as shown
in Fig. 19. However, the failure shape for UHPC sleepers was a fracture in the concrete, as shown in Fig. 20.

Crack inspection at a

Sleeper series Number Fracture load

load of 60 kN
SN No.6 No cracks 109 kN
No.7 No cracks 116.3 kN
Avg, 112.6 kN
SO No.6 No cracks 106.6 kN
No.7 No cracks 108.7 kN
Avg. 107.6 kN

Table 8: Pull-out test result.
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Figure 18: Load versus screws exit distance pull-out test: (a) SN; (b) SO.
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®)
Figure 20: The failure shape of the sleepers after the pull-out test: (a) SO-No.6; (b) SO-No.7.

CONCLUSION

change resulting from this mixture. A series of structural tests included a static bending test at the rail seat section and
center section, and the pull-out test were conducted following EN 13230-2 and EN 13481-2 [18,19]. Based on the
results of experimental work, the following point can be concluded:

(1) To explote the effect of employing UHPC in concrete sleepers, we employed fine material to improve workability
and generate a UHPC mixture used for casting sleepers (B70) with a compressive strength of 102 MPa after 28 days
of curing (B70).

(2) The average first cracking load of UHPC sleepers for the static bending test at the rail seat section and the center
section were 2 times and 2.1 times higher than the reference value, respectively. In addition, the average failure load
for the same tests were 1.3 times and 1.4 times higher than the reference values, respectively.

(3) The result of the static bending test at the rail seat section and the center section showed that the failure load for
UHPC sleepers was higher than the conventional concrete sleeper.

(4) The pull-out resistance for the screws at UHPC sleepers exceeded the minimum requirement of EN 13481-2 [19].

(5) The average pull-out load of UHPC sleepers was approximately equal for the conventional concrete.

It is expected that this experimental research will provide some information about the UHPC that can be used in the railway
field. As an extension of the present study, using steel fiber in the UHPC mixture is currently being conducted to improve
the properties and show the effects on the mixture. Additional researches should be conducted in this field to take full
advantage of this product in the railway field.

I n this investigation, a UHPC sleeper B70 was developed and fabricated for the first time to study the extent of the
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