
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
 

 
 

 
 
 

9ǎǘŀōƭƛǎƘŜŘ ŀƴŘ ǎǳǇǇƻǊǘŜŘ ǳƴŘŜǊ ǘƘŜ !ǳǎǘǊŀƭƛŀƴ DƻǾŜǊƴƳŜƴǘΩǎ 
Cooperative Research Centres Programme 

Review of Insulated 
Rail Joints 

CRC for Rail 
Innovation 



[Review of Insulated Rail Joints] 

CRC for Rail Innovation [07-10-2009]  Page i 
 

DOCUMENT CONTROL SHEET 
 

 
CRC for Rail Innovation 
Floor 23, HSBC Building 
Brisbane   Qld   4000 
 
GPO Box 1422 
Brisbane   Qld   4001 
 
Tel: +61 7 3221 2536 
Fax: +61 7 3235 2987 
 
 
www.railcrc.net.au 

Document:  

Title: [Review of the Insulated Rail Joints]     
    
Project  Leader: [Prof. M. Dhanasekar] 
   
Authors: [M. Dhanasekar &  Wirtu Bayissa]   
 
Project No.: R3.100 
 

Synopsis: The insulated rail joint (IRJ) is a safety critical component of the rail track infrastructure. The IRJ 
provides the dual function of  electrical isolation and structural stability to the track. Unfortunately, IRJs 
possess the shortest mean service life amongst all railway track components and their service life is found to 
be highly variable. The Australian heavy-haul rail track system is experiencing increased operational 
throughputτboth in terms of increased magnitude of axle loading and higher frequency of wheel passages 
across the joints. Consequently, predicting the service life of IRJs to avoid any potential accelerated, 
undetected, premature failuresτand to approach the problem of management of in-service IRJs rationallyτ
is more pressing than ever before. Project R3.100-BT17 represents a timely response by the CRC for Rail 
Innovation to the needs of the Australian heavy-haul track industry. The fundamental objective of the 
project is to develop a longer-life IRJ technology in the context of maintaining structural integrity, safety, and 
the operational efficiency of railway systems. Similar collaborative research amongst the rail industry and 
suppliers is ongoing in various heavy-haul industries around the world, with research reports on modification 
to the existing conventional designs and testing of innovative products regularly reported in industry forums, 
conferences, magazines and academic journals. This report presents current state-of-the-art research 
outcomes on IRJs with particular attention to heavy-haul track applications. 

 
REVISION/CHECKING HISTORY 

REVISION 
NUMBER 

DATE ACADEMIC REVIEW  
(PROGRAM LEADER) 

INDUSTRY REVIEW  
(PROJECT CHAIR) 

APPROVAL 
(RESEARCH DIRECTOR) 

0 [insert date]    

 
DISTRIBUTION 

 
DESTINATION 

REVISION 

0 
 

1 
 

2 
 

3 
 

4 
 

5 
 

6 
 

7 
 

8 
 

9 
 

10 
 

Industry 
Participant for 
Review 

x           

9ǎǘŀōƭƛǎƘŜŘ ŀƴŘ ǎǳǇǇƻǊǘŜŘ ǳƴŘŜǊ ǘƘŜ !ǳǎǘǊŀƭƛŀƴ DƻǾŜǊƴƳŜƴǘΩǎ ŎƻƻǇŜǊŀǘƛǾŜ wŜǎŜŀǊŎƘ /ŜƴǘǊŜǎ tǊƻƎǊŀƳƳŜ 



[Review of Insulated Rail Joints] 

CRC for Rail Innovation [07-10-2009]  Page ii 
 

Copyright © 2008 CRC for Rail Innovation 

This work is copyright. Apart from any use permitted under the Copyright Act 1968, no part may be reproduced by any 

process, nor may any other exclusive right be exercised, without the permission of (name and address of copyright owner).



[Review of Insulated Rail Joints] 

CRC for Rail Innovation [07-10-2009]  Page i 
 

Table of Contents 
 
 
 
9ȄŜŎǳǘƛǾŜ {ǳƳƳŀǊȅ ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ.ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦ ii 
 
[ƛǎǘ ƻŦ CƛƎǳǊŜǎ ŀƴŘ ¢ŀōƭŜǎ ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΦ........................... iii 
 
Abbreviations and Acronyms ..ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦ iv 
 
LƴǘǊƻŘǳŎǘƛƻƴ ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦ 1 
 
1.  Designs of IRJs ...ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΦΧΧΧΧΧΧΧΧΧΧΧΧΦΦ 3 

 
1.1.     International IRJ Designs ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ..ΧΧΧ.ΧΦ 3 

1.1.1.   North America: USA ΧΧΧΧΧΧΦΧΧΧΧΧΧΧΦΧΧΧΧΧΧΧΧΧΧΧΧΧΦ.. 3 
1.1.2.   North America: Canada ΧΧΧΧΧΧΧΧΦΦΦΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΧ 4 
1.1.3.   South Africa ΧΧΧ.ΧΧΧΧΧΧΧΧΦΦΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΦΦΧΦ с 

 
1.2.     Australian IRJ Design ΧΧΧΧΧΧΧΧΧΦΦΦΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΧΧ.ΧΧ.. 6 

 
2.        Loading ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΧΧΧΧΧΧ... 9 

 
2.1.     Failure Modes .ΧΧΧΧ..ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΦΧ мл 

 
3.       Modelling and Analysis ...ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΦΧΧΧΦΦΧΧΧΦΦΧ 12 
 

3.1.     Finite Element Model ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΦΧΧΧΧΧ.ΧΧΧΧΦΧ 12 
3.1.1.   3-D FE Models ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΧΧΧΧΧΧΧΧΧΧΦΦΦΧΧΦΦ 12 
3.1.2.   2-D FE Models ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΦΧΧΧΧΧ 13 

 
3.2.    Mechanistic Models ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ 14  

 
4.        Laboratory Tests ΧΧΧΧΧΧΧΧΧΧΧΧΦΦΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΧΦΧΦΦ 15 

 
4.1.    Loading Rigs ΧΧΧΧΧΧΧΧΧΧΦΦΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΦΧΧΧΧΧΦ 15 

 
5.       Field Tests ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΧ...ΧΧ 17 
 
References ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΦΦ................................................................. 19 
 

 
 



[Review of Insulated Rail Joints] 

CRC for Rail Innovation [07-10-2009]  Page ii 
 

Executive Summary 
 
In this report, the state-of-the-art in research reported on bonded insulated rail joints (IRJs) is summarised. The 

following conclusions can be drawn based on the review: 

 Under heavy-haul railway traffic load, bonded IRJs fail at a greater rate when compared to any other 

railway track component. 

 Design and manufacture of IRJs to date are controlled by fewer technologies. IRJs are usually factory-

manufactured under high quality control as evidenced by testing to standards and codes of practice.  New 

technologies that do not require factory manufacturing are emerging in the market. 

 Recent Australian research (Rail CRC Project 75) has advocated reducing the thickness of endposts from 

8.5mm to 5mm. The industry has adopted this recommendation. 

 Design solutions for increasing the service life of IRJs vary between countries.  For instance, the United 

{ǘŀǘŜǎΩ ŘŜǎƛƎƴ ƛǎ Ƴŀƛƴƭȅ ŦƻŎǳǎŜŘ ƻƴ ƛƴŎǊŜŀǎƛƴƎ ǘƘŜ ǎǘƛŦŦƴŜǎǎ ƻŦ ǘƘŜ LwWǎ ŀǎǎŜƳōƭƛŜǎ ōȅ ƛƴŎǊŜŀǎƛƴƎ ǘƘŜ 

dimensions of joint bars, whilst other nations are primarily focused on material innovation (e.g. steel with 

a higher yield point, or composites) without modifying the conventional IRJ design parameters. 

 There is no agreement on best practice when installing, maintaining, and repairing IRJs. The US practice 

advocates directly supporting the joint section of the IRJ on a sleeper, whilst the Australian and other 

comparable heavy-haul national systems recommend that the joint sections be suspended symmetric to 

two sleeper supports. 

 Although the US practice is to embed geogrid within the ballast layer in the vicinity of IRJs to improve 

lateral stiffness, little research has been conducted into the effect of ballast and subgrade stiffness on the 

impact loading of IRJs and how these variables might correlate with IRJ service life. . This PhD study is the 

first of its kind to examine the effect of variation in ballast stiffness on the performance of IRJs. 

 There is no universal agreement regarding the common modes of failure of bonded IRJs. For instance, the 

North American heavy-haul railway tracks report adhesive debonding followed by joint bar cracking, 

whilst the Australian heavy-haul railway tracks report railhead metal flow in the vicinity of the endposts 

as the most frequent mode of IRJ failure. 

 Field visit visual observation reports indicate that there is significant statistical variability and deficiency 

with regard to IRJ installation, maintenance, and repair practices. 

 There is a paucity of literature regarding the availability of efficient numerical modelling tools for IRJs that 

can be used for accurate prediction of railhead material accumulated plastic deformation failure and 

subsequent fatigue fracture problems under cyclic wheel loads. 

 There is a renewed interest in IRJ research around the world, especially in regard to their service in heavy-

haul applications. 
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Introduction 
 
Bonded insulated rail joints (IRJs) are integral parts of the railway track system. Theirdesign is similar to traditional 

butt joints, but with due care for maintaining electrical insulation between all surfaces of contact between various 

parts.  A typical IRJ is shown in Figure 1; IRJs electrically isolate track into discrete sections to facilitatesignal 

control.  IRJs are also required to possess adequate structural strength to enable safe passage of wheels across 

the joint.  As such, bonded IRJs are safety critical components that must satisfy the requirement for structural 

integrity as well as the isolation function for the railway signalling system.  

 

    

 

Figure 1. A Typical IRJ. 

 

As the result of the weak link nature of the bonded IRJs (lower stiffness at the joint section compared to the 

surrounding rail) and axle load dynamic load amplification at the joints (as a result of spatial discontinuity & 

possible geometric dipping at the joints), bonded IRJs are susceptible to accelerated mechanical failure. This is 

particularly so in heavy-haul corridors where axle load and annual gross haulage are on the rise.  Consequently, 

IRJs routinely fail after carrying as little as 50 million gross tonnes of freight traffic (approximately 1-2 years), 

resulting in significant maintenance costs for the rail industry and service interruptions due to accidents around 

the world. [1ς4] The common mechanical failures include plastic flow and fatigue damage near railheads close to 

the endposts, joint bar cracking, adhesive debonding, and degradation of track stiffness in the vicinity of the 

joints. 

 

Research indicates that the mean service life of IRJs is only about 20% that of non-insulated joints including 

continuous welded rail (CWR). In addition, the number of IRJ replacements  is estimated to be 20ς50% of the sum 

total replacements of all rail track components. [5ς7] On heavy-haul railway tracks in particular, the relatively 

short service life of IRJs when compared to all other running surface track system components has become a 
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significant economic concern. [8] The statistical variability in the service life of these IRJs is another major concern 

affecting ǘƘŜ Ǌŀƛƭ ƛƴŘǳǎǘǊȅΩǎ ability to confidently calculate the predicted the life of IRJs and formulate 

maintenance strategies. This variability also increases the potential for premature failure. 

 

As a safety critical component of the railway track infrastructure, IRJs should ideally possess greater mean 

strength with less variability. This advancement is vital to maintaining the structural integrity, safety, and 

operational efficiency of the rail system. This development will also improvedecision making regarding IRJ 

maintenance and replacement, thereby reducing the risk of train collision due to the undetected failure of an IRJ. 

Ongoing international research projects in collaboration with the rail industry are focussed on the development of 

a new IRJ design which will provide an extended service life. The ǊŜǎŜŀǊŎƘŜǊǎΩ approach has been to modify 

existing designs and test the effectiveness of these modifications in the field. This trial-and-error methodology is 

expensive, and thus far inconclusive. . 

 

The aim of this report is to review the state-of-the-art in IRJ technologies, with particular reference to the heavy-

haul rail sector, through a comprehensive literature search.  Only papers on rail joints and IRJs are taken into 

account. No reference is made to the greater body of extensive information reported on rail itself. The scope of 

the report embraces factors identified within the literature that are recognised as affecting the performance of 

IRJs, including design, loading environment, installation, and maintenance processes. Failure mechanisms of IRJs 

reported in the literature and based on limited field surveys are also included. The report is only focussed on 

design issues related to materials and structural aspects of IRJs, and not on electrical isolation aspects, as 

insulation effectiveness is assumed to have been satisfied in all designs a priori. 
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1. Designs of IRJs 
 

The design options for bonded IRJs reported in the literature are presently limited. BƻǘƘ άŎƻƴǾŜƴǘƛƻƴŀƭέ ŀƴŘ ƴŜǿ 

IRJ designs have been tested on heavy-haul railway tracks with unsatisfactory results. Current research and design 

efforts toward improving IRJs are targeted at two main areas:  

 

 Structural innovation, which may include improving the support systems (current options are 

suspended, continuously supported, and discretely supported systems), geometrical shape and size of 

joint bars, sleeper sizes and spacing, insulation material thickness, and geometry of cut joints, among 

others.  

 

 Material innovation, where the improvement of joint bar strength, insulating materials, or adhesives is 

the main objective. 

 

 

The design of IRJs generally involves some degree of both structural and material innovation; the extent of each is 

largely dependent on the particular expertise of each research institution. 

 

1.1. International IRJ Designs 
 

1.1.1. North America: USA 
 

The Colorado-based Transportation Technology Centre, Inc. (TTCI) has been testing several IRJ prototypes in 

collaboration with the Association of American Railroads (AAR), the Federal Railroad Administration (FRA) and 

various rail industry organisations.These prototypes  comprise new designs as well as modified versions of 

existing conventional IRJs. The focus of this collaborative design project is to develop stiffer and stronger IRJs that 

can withstand heavy axle loads without exhibiting any of the frequently observed failure mechanisms (i.e. 

adhesive debonding followed by joint bar cracking). [8ς12]  

  

Other changes to the design of IRJs have been explored by researchers with a view to extending their service life. 

Trials reported in the literature include increasing the length and cross-sectional dimensions of joint bars, 

increasing the width of sleepers, providing multiple supports and/or continuous supports underneath the IRJs, 

using stronger and tougher insulating materials or adhesives, and introducing special stiffening materials for 

centre liner insulators. Examples of two recent design improvements are shown in Figures 2 and 3. Several series 

of field tests to evaluate the performance of various IRJ designs installed at the ¢¢/LΩǎ mainline and Facility for 

Accelerated Service Testing (FAST) test tracks have been reported by the TTCI since 2004. [8ς12] These trials have 

focussŜŘ ƻƴ ƛƴŎǊŜŀǎƛƴƎ ǘƘŜ ΨǎǘǊŜƴƎǘƘΩ ƻŦ LwWǎ ǳǎƛƴƎ ǘƘŜ ǇǊƛƴŎƛǇƭŜ ƻŦ ǎǘǊǳŎǘǳǊŜǎ ŀǎ ǎǘŀǘƛŎ ǎȅǎǘŜƳǎΤ ǘƘŜ ǊŜƭŀǘƛǾŜ 
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increase in track support stiffness and its effect on increased dynamic load appear to have been disregarded in 

the approach followed by the TTCI researchers. 

 

Figure 2 depicts some of the IRJ designs provided by Protec Rail Products Inc. that have been installed on various 

railway tracks for performance testing by the TCCI. The target service life for these IRJs is approximately 2000 

million gross tonnes (mgt). Field test reports indicate that, as of 2008, none of the above IRJs had been subjected 

to more than 850 mgt.  

 

   

Figure 2. High modulus IRJs [11ς12]: 1.2m long joint bars on test with TTCI, 275mm wide ties and insulated three-

tie plate (left); 1.2m long joint with centre liner (right). 

 

A newly introduced advanced design of IRJs, known as the Mitre Cut Insulated Joint (Figure 3) is a long-angle 

cut/lap joint.  This joint performed poorly during field testing on the mainline track, mainly as a result of railhead 

material failure. [11ς12] 

    

Figure 3. Lap joint detail design components (left); mitre-cut/long-angle cut insulated rail joint (right); [11ς12]. 

 

¢ƘŜ ǇƻƻǊ ǇŜǊŦƻǊƳŀƴŎŜ ƻŦ ǘƘŜ ƭƻƴƎ άMitre-/ǳǘέ ƭŀǇ LwW ƛǎ ƴƻǘ ŀ ōƛƎ ǎǳǊǇǊƛǎŜ, as the design involves both a vertical 

and angled cut along the railhead and rail foot as well as a long shallow-angle inclined cut along the rail web. At 

the railhead and rail foot, the cut geometry exhibits sharp corners that are potential stress concentration 
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locations.  A section of the railhead almost turns into the nose section of a turnout that in itself is a weak spot for 

impact. 

 

1.1.2. North America: Canada 
 

Recently, Canadian companies have introduced new IRJ designs. The άIŜǊŎǳƭŜǎέ LwW developed by NorFast Inc. 

(Figure 4) offers a longer service life, improved signal reliability, and faster, more economical field installation in 

comparison to existing conventional IRJs. However, the performance of such IRJs in heavy-haul railway 

applications has not yet been reported. The significant difference ōŜǘǿŜŜƴ ǘƘŜ άIŜǊŎǳƭŜǎέ IRJ and the TTCI 

designs is that the άIŜǊŎǳƭŜǎέ is mechanically designed to withstand higher wheel loads without the use of glued 

bonds. A further advantage is that the έIŜǊŎǳƭŜǎέ joint can be entirely assembled in the field without any need for 

field welding. [13ς14] The field assembly process appears both straightforward and versatile; joints can be 

formed either on tangent track or at turn outs/corners as shown in Figure 4. 

 

    

Figure 4. άIŜǊŎǳƭŜǎέ ǎŜǊƛŜǎ ƛƴǎǳƭŀǘŜŘ Ǌŀƛƭ Ƨƻƛƴǘǎ ŦǊƻƳ bƻǊCŀǎǘ Inc. [13]. 

 

¦ƴƭƛƪŜ ǘƘŜ ¢¢/LΩǎ άƳƛǘre-Ŏǳǘέ LwWΣ the άIŜǊŎǳƭŜǎέ IRJ is shown suspended between sleepers.  It therefore appears 

ǘƘŀǘ ǘƘŜ άIŜǊŎǳƭŜǎέ designers have relied on more than static structural principles to achieve joint strength.  

 

The Canadian distributor NedCan Products, Inc provides the North American rail industry with a non-bonded IRJ 

manufactured by the Swiss company Tenconi SA. [ƛƪŜ ǘƘŜ bƻǊCŀǎǘ άIŜǊŎǳƭŜǎέ ǘƘƛǎ IRJ does not rely on an adhesive 

bond to acquire the necessary strength to withstand heavy-axle traffic loads (Figure 5).  
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Figure 5. Tenconi 4-bolt mechanical IRJ (transition joint) (left); another Tenconi mechanical IRJ variant (right). [15] 

These IRJs feature high tensile steel encapsulated with a special blend of Polyamide 12 to attain their 

electromechanical characteristics. The joint is currently undergoing testing at the ¢¢/LΩǎ C!{¢ ǘǊŀŎƪ, and initial 

reports regarding its performance in comparison to conventional bonded joints are encouraging. [15] 

 

1.1.3. South Africa 
 

Both square- and inclined-cut bonded IRJssimilar to conventional glued IRJs are being used in heavy-haul railway 

tracks in South Africa. [16] According to the supplier, VAE South Africa, both square- and inclined-cut IRJs can be 

provided as pre-fabricated joints glued into short rail pieces even though the bonded IRJs with a square cut can be 

made in the track. A new IRJ development reported to be currently under test, the άL±D ƧƻƛƴǘέΣ ƛǎ shown in Figure 

6. This variant features an oblique design in head of rail with a simultaneously obtuse design in the web. 

 

     

 

Figure 6. 4-ōƻƭǘ LwW ǿǘƘ ǎǉǳŀǊŜ Ŏǳǘ όƭŜŦǘύΤ άL±D Ƨƻƛƴǘέ ǿƛǘƘ ŀƴƎǳƭŀǊ Ŏǳǘ manufactured by VAE gmbH (right). [16] 

 

1.2. Australian IRJ Design 
 

The design, manufacture and testing of IRJs in Australia is largely based Australian Standard AS 1085.12ï2002 [17] 

(Figure 7). The typical Australian IRJ assembly is a bonded, double butt-strap joint consisting of two steel joint 

bars fixed to the rails with an epoxy adhesive (that may contain a fibreglass reinforced insulation material), an 

insulating endpost, high-tensile bolts, and other assorted components. Both 4-bolt and 6-bolt bonded IRJs are 

currently in service on various Australian railway tracks. Manufacturers can supply both square- and inclined-cut 

insulated joints factory pre-assembled. These joints can also be field-assembled in accordance with AS 1085.12 

provisions. 

 

Prior to 2007 Australian IRJs were manufactured with a minimum 8.5mm insulating endpost thickness to minimise 

the risk of joint metal flow bridging the endpost όΨŎƭƻǎǳǊŜΩύ.  Rail CRC Project 75 has recommended that insulating 
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endpost  thickness be reduced to 5mm to minimise impact loading.  Current IRJs are manufactured with endpost 

thicknesses of 5mm (in some cases 4.5mm) based on the Project 75 recommendation.  

 

 

Figure 7.  Exploded view of an Australian bonded IRJ as depicted in Australian Standard AS 1085.12ï2002. 

 

The support system for IRJs on Australian railway track is primarily ǘƘŜ άǎǳǎǇŜƴŘŜŘέ ǘȅǇŜΣ ǿƛǘƘ the centre-to-

centre span between the two sleeper supports variable depending on whether a 4-bolt or 6-bolt IRJ is used. 

However, visual inspections conducted during field visits have identified significant inconsistencies with regard to 

the support conditions of glued IRJs on Australian railway tracks. Examples of all of the following support 

conditions can currently be found on Australian railway track: symmetrically-suspended, asymmetrically-

suspended, single sleeper support underneath the IRJ close to endposts, and single support underneath the joint 

bar ends. Additional variations may also be in use. Figure 8 shows typical support conditions of bonded IRJs in 

Australian railway tracks. 

 

       

Figure 8. Examples of typical support conditions for IRJs observed in Australian railway track: symmetric support 

(left); asymmetrical support (middle); and center support (right). 
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Currently, there is little information available with regard to the availability of any new Australian IRJ designs 

which are being installed and tested on heavy-haul railway tracks. The exception to this is field testing presently 

being conducted by the Australian Rail Track Corporation (ARTC) of existing IRJs modified with a laser weld to the 

railhead in the vicinity of endpost. On Australian railway track, railhead metal flow is the most common cause of 

failure of bonded IRJs. The cyclic accumulation of railhead material deformation under repeated wheel impact 

load (or ratcheting) ultimately leads to railhead fatigue failure and possible closure contact between the two rail 

ends separated by the insulating end post (resulting in signalling failure).  Queensland Rail (QR) is currently 

trialling high yield strength material innovations for IRJs. 
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2. Loading 
 
IRJs are subjected to a number of loading scenarios in the field.  Their ability to withstand these loads will 

determine their service life. 

 

At any given instance, only one wheel can be located within the span of a sleeper as the sleeper spacing is kept 

smaller than the wheelset spacing in the bogie structure.  Therefore, an examination of the behaviour of IRJs 

(either suspended between sleepers or supported on a sleeper) is essential to understanding of their 

performance.  Figure 9 illustrates the deformation of a suspended and a supported IRJ when subjected to wheel 

loading.  It is clear that edge of a rail end (point of stress concentration zones/ singularities) on a supported joint 

is more  vulnerable to direct impact from the running wheels. Limited finite element (FE) studies by Pang [18] 

confirm that supported joints exhibit higher impact than their suspended counterparts. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9. Behaviour of suspended (top) and supported (bottom) IRJs in response to wheel loading. 

 

Notwithstanding the method of support, the railhead ends in IRJs are subjected to wheel impact due to the ΨǎǘŜǇΩ 

mechanism schematically illustrated in Dhanasekar et al (2007) ς (Figure 10). 

 

 

Spacing 

Spacing 

+ve BM ς Wheel 
on the joint 

-ve BM ς Wheel on 
the mid span of rail 
to left of joint  
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Figure 10. ά{ǘŜǇέ ƳŜŎƘŀƴƛǎƳ ƻŦ ǿƘŜŜƭ-rail impact. 

 

¢ƘŜ ΨǎǘŜǇΩ ŦƻǊƳǎ ŘǳŜ ǘƻ ŘƛŦŦŜǊŜƴŎŜ ƛƴ ǘƘŜ elastic behaviour (predicted by ¸ƻǳƴƎΩǎ aƻŘǳƭǳǎύ ƻŦ ǘƘŜ ǊŀƛƭƘŜŀŘ ǎǘŜŜƭ 

and the endpost material (generally nylon), and the type of contact between the two materials.  To minimise the 

ΨǎǘŜǇΩΣ ƻƴŜ ǎƘƻǳƭŘ ideally use a material that is as stiff as that of steel.  The ARTC conducted an unsuccessful field 

trial of a ceramic (zirconia) endpost in a heavy-haul corridor. Although zirconia and railhead steel exhibit similar E-

values [between 190  and 240 gigapascals (GPa)],the zirconia ultimately proved too brittle in this application.  

 

In addition to wheel loading, IRJs are also subjected to loading due to permanent differential settlement of 

adjacent supporting sleepers (Figure 11).  

 

     

Figure 11. Measuring the differential settlement around an IRJ using a string line (left); typical poor support 

condition of an IRJ (right). 

 
IRJs may also be subject to other loading, including: 

 diurnal variation of temperature (inducing tension/ compression in joints ς especially on the endpost) 

 earthquake 

 bush fire/ flooding and other environmental loading 

   

The behaviour of IRJs under these types of loading is not reported in the literature, and hence is not considered in 

the scope of this report. 

Step 

Direction of Travel 

Rail - 1 

Rail - 2 

End Post 



[Review of Insulated Rail Joints] 

 

CRC for Rail Innovation [07-10-2009] Page 11 
 

 

 

2.1. Failure Modes 
 

As highlighted in this report, IRJs fail due to a range of mechanisms. Each component that forms the IRJ (including 

interfaces between these components) fail under severe wheel-rail contact impact loading. Examples of some of 

the major failure modes of IRjs reported in the literature are shown in Figure 12. 

 

   

(a) Rail end battering    (b) Rail end shelling 

 

 

                                 (c) Rail end metal flow    (d) Endpost battering/ delamination 

     

(e) Cracked joint bar      (f) Railhead spalling 

   

(g) Chipping at rail end and gage corner                 (h) Railhead crushing [12] 
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(i) Typical pull-apart of IRJ in track [8]  (j) Dipping of IRJ in track 

 

Figure 12. The most common failure modes of IRJs reported in the literature: (a)ς(j). 

 

  

(g) Chipping at rail end and gage corner (h) Railhead crushing [12] 

  

(i) Typical pull-apart of IRJ in track [8] (j) Dipping of IRJ in track 

 

 

 

3. Modelling and Analysis 
 

3.1. Finite Element Model 
 

Numerical simulation studies of bonded IRJs are often carried out using various modelling methodsτincluding 

finite element (FE) models as well as mechanistic analytical models. Both three-dimensional (3-D) and on a limited 

number of cases, two-dimensional (2-D) FE modelling techniques have been used as the main tool for analysis and 

design of bonded IRJs. Parametric 3-D solid FE modelling of IRJs to study variation in load cases (design 

parameters, mesh density) and cyclic plasticity (which requires multiple wheel passage) is very demanding on the 

computational time. 

 

3.1.1. 3-D FE Models 




