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Track Tec Group
Leading multinational provider of railway infrastructure
solutions
Based in Poland and Germany

Comprehensive product portfolio and services:
• Railway crossties
• Rail fastening systems
• Turnouts
• Turnout installation and logistics
• Construction of rail infrastructure
> 60 years of experience in railway tie manufacturing
(concrete and timber)
> 100 years of experience in turnouts
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Railway Crosstie
Manufacturer Perspective
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Mass production
Annual production in mln pcs
Warranty 5 – 10 years

Track Tec (forecast): 
2018 – 1.9 mln pcs
2019 – 2.4 mln pcs



Railway Crosstie
Railroad Perspective

• Critical element of railway 
infrastructure

• Tie reliability and durability are of 
the utmost importance for safety 
and economy

• Life cycle >40 years
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Operational Conditions
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• Huge forces: vertical, lateral, 
longitudinal – static, quasi-static and 
dynamic

• Geometry irregularities
• Track 
• Rail corrugation
• Wheel wear
• Wheel damage

• Wheel set suspension asymmetry
• ...........



Premature Tie Failure?
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Despite progress in 
technology some 
railroads suffer from 
premature tie failures
(tie age 2 – 20 years)



Reliability - Durability

How to assess the impact of technology applied on reliability 
and durability of crossties?

• Understand differences in technologies
• Long time railroad experience
• Degradation mechanisms awareness
• Theoretical reliability analysis
• Laboratory comparative tests 
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Degradation Mechanisms

• Physical
• Tendon split from concrete
• Freeze-thaw cycles
• Improper installation
• Negligent maintenance

• Chemical
• External corrosion

• Aggressive solutions
• Carbonatization

• Internal corrosion
• Delayed ettringite formation (DEF)
• Alkali reaction (ASR)
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Tie Quality
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Pre-stressed Railway Crosstie

Concrete Reinforcement

Material
CMD Curing Material Method

(anchoring)



Manufacturing Technology

Demoulding
• Immediate
• Late
Tendon anchoring method
• Direct bonding
• End anchoring
Steel types
• Smooth
• Indented or deformed
• Strands
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Direct Bonding
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Direct Bonding with End Anchors
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Immediate Demoulding
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End Anchoring
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Failure Analysis – German Railway DB

• Issue known for many years (losses 
1 bln Euro)

• Technical University of Munich
(F.Haban – Theoretische und 
esperimentelle Untersuchungen an 
Spannbetonschwellen, October 2016)

• Data since 2001
• 11 plants – different technologies
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29%

1%

70%

Immediate demoulding
Late demoulding with end anchoring
Late demoulding without end anchoring



Production
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Long bed Carousel system - four cell moulds
(direct bond) (direct bond or end anchoring)



Reliability Analysis
Objectives

• Done at Auburn University (Nowak, 
Kolodziejczyk, Barnes)

• Compare reliability of two types of railway ties
• To develop an appropriate model and perform 

the system reliability analysis
• Performed for two critical cross sections: central 

and under the rail seat
• Type I made of C50/60 concrete and pre-stressed 

with 8 ⌀7 mm, plain tendons with anchorage 
system at the end

• Type II made of C50/60 concrete and pre-
stressed with 4 ⌀9.5 mm, ribbed tendons 
without anchorage system at the end
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Type II reinforcement without 
anchorage plates

Type I reinforcement with 
anchorage plates



Reliability Models
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𝑓𝑓𝑃𝑃𝑃𝑃𝑃𝑃 Stress in concrete at the bottom of under the rail seat cross
section due to pre-stressing force in i-th tendon

𝑓𝑓𝐿𝐿𝐿𝐿 Stress in concrete at the bottom of the rail seat cross section due
to live load from train

𝑅𝑅 – Tensile strength of concrete



Reliability Analysis of Railway Ties
Reliability Indices
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Coefficient of correlation between 
prestressing strands - 𝜌𝜌𝑃𝑃𝑃𝑃

Reliability Index - 𝜷𝜷

Type I Type II

0.0 5.41 3.56

0.2 5.37 3.56

0.4 5.34 3.55

0.6 5.30 3.55

0.8 5.26 3.54

1.0 5.22 3.54



Reliability Analysis of Railway Ties
Conclusions

• Differences mostly come from the reduced
value of pre-stressing force for Type II -
without anchorage at the ends

• Anchorage of the pre-stressing tendons and
distribution of the pre-stressing force along
the length of the element are significant
factors in the assessment of the impact of
anchorage technology
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Comparative Tests
Technical University Cracow

Analysis of pre-stressed monobloc ties with
different anchoring system
Objective:
To assess the impact of the anchoring method
on tie carrying capacity
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Comparative Tests
Technical University Cracow

24 pre-stressed ties
PS-83 railway tie

PS-94 railway tie

Same pre-stressing force – 360 kN
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Test Ties
End Anchoring
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Pre-stressed with 8 Ø7 tendons
Button heads
(BBRV)

Anchorage plate

A-83 type A-94 type



Test ties
End Circles/ Direct Bond
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B-83 type
4 Ø10.5 mm indented tendons with end circles

4 Ø 9.5 mm indented tendons
C-94 type



Test Results 
PS-94 Geometry Ties
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C-94
- Small crack
- Sudden break

A-94
- Wide crack
- Very big carrying capacity



Test Results
Summary
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Type of Tie

FrB
(mean value)
Fatigue Test

[kN]

FrB
(mean value)

Static Test 
[kN]

PS-94 (8x7+end anchors) 652,2 600*

PS-94 (4x9,5) 482,8 498,5

PS-83 (8x7+end anchors) 662,3 588

PS-83 (4x10,5+t) 533,8 555,75

FrB maximum positive test load at the rail seat section which cannot be increased



Conclusions

Tie reliability and durability depends on
the anchoring method

The maximum carrying capacity was
demonstrated in case of the ties with
end anchoring
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Thank you for your attention!
www.tracktec.eu
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http://www.tracktec.eu/
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