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Abstract 

Railway fastening systems are a crucial component of railway tracks, playing a significant role in ensuring the stability of the 

track and preventing gauge widening and rolling. The ability to resist longitudinal loads along the rail is among the most 

important qualities a good fastening system should have. This value is usually measured as a fastening system’s longitudinal 

restraint and has stipulated procedures to perform the test, in accordance with the international standard or the European standard 

requirements. Longitudinal loads mainly occur due to creep, rail thermal expansion and contraction, acceleration and deceleration 

of the train. In view of the fact that the modern tracks experiences large longitudinal forces, the fastening systems should provide 

adequate restraint force to withstand these types of forces. In this paper, we will study the longitudinal restraint of the recently 

developed Jiuzhou floating fastener. The test is conducted in accordance with the procedure provided by the European railway 

fastening system testing standard. The fastener was fastened to a concrete block, and a hydraulic actuator of 25kN was used to 

apply a push to the rail fixed to the concrete block by the floating fastener. A displacement accelerometer was placed on the end 

of the rail at the centroid region of the rail to ensure that accurate and reliable results were collected. A push force was applied 

on the rail until the rail slipped from the assembly while simultaneously recording the rail displacement in relative to the support 

using the displacement sensors. The load is then unloaded to zero. This procedure was repeated for four times without any 

adjustment to the set-up, the first data was ignored, and the other three data were collected and averaged to obtain the final 

longitudinal restraint of the fastening assembly. The floating fastening assembly longitudinal restraint was calculated to be 

14.04kN, which satisfactorily meets the standard requirement for longitudinal restraint value which should not be less than 9kN 

for fasteners intended for high-speed railways. 
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1. Introduction 

Train wheels subject various loads on the rail track in dif-

ferent directions, these loads comprise of vertical, lateral and 

longitudinal loads. With the rapid increase in traffic tonnage 

and speed of train, much tractive force is produced increasing 
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the longitudinal forces experienced on the rail track by mod-

ern railway tracks. The highest longitudinal force is imparted 

on the rail track when an accelerating train passes. [1] These 

loads can pose a big safety threat on the track as they can lead 

to gauge widening and rail dis-alignment. The longitudinal 

loads are transferred from the rails to the fastening system im-

posing a higher loading demand on the fastening systems. The 

railway fastening system core function is to firmly hold the 

rail to the sleeper and prevent large rail displacement. An in-

crease on the longitudinal force can lead to tracks instability 

and derailment. Therefore, the fastening system has to prevent 

the longitudinal forces by adequately and strictly meeting the 

standard requirements of longitudinal restraint value [2]. This 

ensures safety and smooth train travel without encountering 

derailment. 

Most failures on the fastening system components like 

spike fatigue failure, rail seat deterioration and rail pad move-

ments are associated with excessive longitudinal forces [3]. 

These parts are mostly prone to the excessive longitudinal 

forces and they are essential in the fastening system resistance 

to longitudinal forces. This further highlights the importance 

of quantifying a fastener’s longitudinal stiffness. 

The longitudinal track rigidity which is essential for pre-

venting gauge widening and derailment is provided by the rail 

fastening system [4]. Longitudinal restraint of a railway fas-

tening system is the ability of the fastening system to resist 

forces that acts in the direction of the rail. Due to creep, rail 

thermal expansion and contraction, acceleration and decelera-

tion of the train, the track experience large longitudinal forces 

which particularly puts much stress on the fastening systems. 

Therefore, the fastening systems should be able to adequately 

withstand and resist these types of forces. 

Longitudinal forces mainly occur when the rail is subjected 

to tensile or compressive forces. Compressive force on rail is 

caused by temperature changes during summer and they lead 

to rails buckling while tensile force is caused by drop in tem-

perature during winters which leads to rail fracture. With brak-

ing and acceleration of the train the dead weight of the vehicle 

causes notable strains on the rails. Adequate longitudinal re-

straint prevents the rail from undergoing large longitudinal 

movements which can cause instability of the track and misa-

lignment which will compromise the safety and durability of 

the track. The rail fastening system is the part that is greatly 

affected by the longitudinal forces and thus it crucial for the 

fastening system to have adequate longitudinal resistance 

since they hold the rail together [5]. In order to reduce risks of 

fasteners failures; quantification of the fastener’s longitudinal 

loads is required so as to meet current truck designs methods 

[4, 6]. The test particularly aims to determine the maximum 

longitudinal force that can be applied to rail secured on a con-

crete block, sleeper, bearer or element of a ballast-less track 

by a fastening assembly without undergoing non-elastic dis-

placements or the longitudinal stiffness at a specified longitu-

dinal displacement of a specimen of embedded rail with an 

adhesive fastening system or any other type of a fastening sys-

tem [7]. In this study a newly developed Jiuzhou floating fas-

tening system is our case of study. This fastener is designed 

for application in high-speed railway track and urban railway 

line for vibration and noise isolations. The fastener’s design 

of ensuring that the rail foot is not in contact with the rail pad, 

makes it much elastic and have a reduces vertical stiffness and 

hence excellent in vibration isolation. The fastener is similar 

to the existing vanguard fastening system [8, 9], however the 

components on this fastener are modified making it different. 

The experiment was undertaken in accordance to the Euro-

pean Standard and procedures [10]. According to the Euro-

pean standard the maximum longitudinal force determined ac-

cording to EN 13146-1 of rail longitudinal restraint should not 

be less than 7kN. For fastening systems intended for high -

speed railway traffics with a speed more than 250km/h the 

value of the longitudinal restrain should at least be 9kN. The 

floating fastening system is intended to be applied to both high 

speed and low-medium speed railways thus it longitudinal val-

ues must meet both requirements. 

This fastening system resistance to longitudinal force is ex-

pected to be a combination of frictions between the side rubber 

wedges supporting the rail at web and the rail and the friction 

between the steel baseplate and the nylon baseplate and the 

sleepers and between the rail and the rail pad. 

2. Experiment Set up 

The experiment was conducted under controlled laboratory 

conditions, the equipment used include a 0.5m rail, a hydraulic 

actuator capable of applying a force 25kN load longitudinally 

on the rail, a Linear variable displacement transducer LVDT 

sensor to measure the longitudinal displacement of the rail. 

The displacement sensor is capable of measuring a displace-

ment of ±0.5𝑚𝑚 which is in accordance to the standard. The 

sensor is classified as class 2 and are in accordance to the 

standard requirement. All the measuring equipment including 

the actuator were certified to the standard. All the components 

used in the experiment were kept at room temperature for a 

period of 6 hours prior to the experiments this is to eliminate 

any influence of environment change on the results. The test 

was conducted in an enclosed laboratory at a room tempera-

ture of around (25℃). A concrete slab was used as the anchor 

for the rail. The concrete slab is stable and fixed to its base and 

it is rigid enough to restrain the rail support from rotating. The 

rail is fastened tightly to the slab using the newly developed 

floating fastening system. Given that the fastener is a web type 

fastener, the load force was made certain that it is applied on 

the centroid of the rail. The force is applied at an increasing 

rate of 10kN/min to the end of the rail. The linear variable 

displacement transducers (LVDTs) sensor was placed at the 

0.75 height from the base of the rail. The load force and the 

longitudinal displacements is measured simultaneously as the 

load is applied. The force applied was a push force in relative 

to the support. The rail moved without tilt, in the direction of 
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the longitudinal axis. A tensile load was applied on the rail at 

a rate of 10 ±5 𝑘𝑁/𝑚𝑖𝑛 The load was applied until when the 

rail slipped from the fastening assembly then the load was rap-

idly unloaded to zero while still taking the measurements of 

the rail displacement. This procedure was repeated for four 

times giving an interval of three minutes in the unloaded con-

dition between each sequence. The first test results were ig-

nored while the other test results were recorded and averaged 

to calculate the longitudinal restraint of the fastening assembly. 

Figure 1 shows the test rig arrangement for the longitudinal 

test. 

 
Figure 1. Longitudinal restraint Test set up. 

3. Results 

Four tests were conducted on the fastener and the first test’s 

result was ignored while the second, the third and fourth test 

results were taken. The load displacement diagrams for the 

three tests are as shown in the Figure 2, the D1, D2 and D3 of 

all the graphs were calculated according to the formula below 

𝐷3 = 𝐷1 − 𝐷2                 (1) 

D1 is defined as the maximum longitudinal displacement 

experienced by the rail during the loading and D2 is the resid-

ual longitudinal displacement measured in the rail after the 

load is removed. D3 is the elastic longitudinal displacement of 

the rail before it starts slipping and it is calculated as the dif-

ference between D1 and D2. The maximum rail axial load in 

the elastic rail displacement region F is the force value when 

the longitudinal rail displacement is equal to D3. The longitu-

dinal force F value should be neglected for the first cycle as 

stated in the standard. Longitudinal rail restraint equals the 

mean of the remaining three values, which are listed in Table 

1 for the three tests. According to the standard the prescribed 

value of a fastening assembly is 9kN and the longitudinal re-

straint of a fastening system is required to exceed this value in 

order to meet the standards requirements [11-13]. 

 

Figure 2. Load-displacement diagram for the three tests. 
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Table 1. Elastic Longitudinal Displacement & Longitudinal force. 

Test D3 elastic longitudinal displacement Longitudinal force (kN) 

#Test 1 5.415-1= 4.415mm 13.76 

#Test 2 5.14-0.57 = 4.57mm 14.42 

#Test 3 5.16-0.78= 4.38mm 13.95 

Average value 4.45mm 14.04 

 

After the tests measurements, the fastening system’s aver-

age longitudinal restraint was calculated to be a value of 

14.04kN. Thus, the fastening system longitudinal restraint met 

the performance requirements as the value exceeded the pre-

scribed value of 9kN. 

4. Conclusions 

The longitudinal test was performed on the newly devel-

oped floating fastener in accordance to the BS EN 13146-

1:2019-Railway applications. Track. Test methods for fas-

tening systems. Determination of longitudinal rail restraint 

[10]. 

1) The longitudinal restraint of the floating fastening sys-

tem was calculated to be 14.04 kN and this value is large 

than the prescribed performance value of 9kN therefore 

the fastener met the standard requirement for longitudi-

nal rail test. 

2) The average longitudinal elastic displacement for the 

fastening system before the rail begins to slip was calcu-

lated to be 4.45mm and thus it satisfactorily meets the 

requirement as it is low displacement occurrence in com-

parison to the threshold requirement of 5.08mm. Addi-

tionally, there was also no any physical damage observed 

on the fastener during the test and after the test. 

Abbreviations 

BS EN British Standards European Norm 

LVDT Linear Variable Displacement Transducer 

mm Millimeters 

Hz Hertz 

kN Kilo Newton 
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