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Abstract
Forecasting maintenance intervention is an important aspect of 
the overall network operation for new and existing rail networks.

Maintenance forecasts can offer an alternative to ‘run to failure’ strategies and assist 
significantly with renewal programs. Predicting maintenance can be challenging due 
to the complexity of rail sleeper, ballast and formation / subgrade behaviour with time. 
Mechanistic formation design using forecast rail traffic, axle loading and speed can be used 
to help asset maintenance strategies and better forecast whole-of-life costs.

This poster presents an application of the mechanistic formation design to assist in 
forecasting maintenance intervention for two cases:

 • Case 1 Section A-A’ at a 10m high structure-to-embankment transition (e.g. a bridge 
abutment); and

 • Case 2 Section B-B’ for a 10m high bulk fill embankment adjacent to Case 1.

Case 1 illustrates a typical structure-to-embankment transition where differential 
settlement impacting vertical alignment dictates the maintenance cycle. Case 2 simulates 
an embankment further away from the transition zone where settlement requirements may 
be less stringent. Ballast settlement and degradation is not considered.

Train loads and associated imposed stresses are distributed 
through sleeper, ballast and formation. 

One of the functions of the formation layer is to reduce the stress in the subgrade, 
preventing subgrade failure and excessive deformation caused by repeated train loads. 
Plastic deformation occurs when the stress placed on a material exceeds its elastic limit, 
causing it to undergo permanent changes in shape.

An approach proposed by Li et al. (2016), “Railways Geotechnics” and Blanchet and Yang 
(2019, 2021) to assess plastic deformation. In accordance with these publications, the 
most common track failures in fine grained soil caused by large repetitive stresses in the 
formation of subgrade are progressive shear failure and excessive plastic deformation, as 
illustrated in Figure 1 below.
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Figure 1 Left: This image presents the cumulative plastic deformation at the subgrade during the removal 
of the existing track. Right: image was adapted from the literature by Li and Selig (1998).

 
Blanchet et al 2021 proposed an assessment of stress distribution using three-dimensional 
finite element modelling of sleeper, ballast formation and subgrade to calculate deformation 
with time. 

Figure 2

Finite Element 
Modelling 
combined with 
design parameters 
from Cyclic 
Triaxial Testing 
to help predict 
a maintenance 
schedule 
approach.

Section A-A’

Section B-B’

The plastic strains (𝜀𝑝) and 
deformation (𝜌) can be 
represented by the following two 
equations (Li and Selig 1998):

where:

 is the cumulative plastic strain (%),

 is cumulative plastic deformation,

 is the number of repeated stress cycle 
applications during the design life (Figure 1),

 is soil deviatoric stress from applied train axial 
load,

 is soil static compressive strength,

T is the subgrade thickness, and

A, b and m are Li & Selig parameters.

For a given train plan (a typical Train Plan is shown 
in Figure 3) the equation can be used to predict 
cumulative plastic deformation.
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Figure 3 The rolling stock traffic (train traffic per year) was based on rail traffic per year 
(expressed in Mega Ton per annum).

Cumulative Plastic Deformation with Mechanistic Formation Design

Case Study: High Embankment and structure-to-embankment transition 
Analysis results for Case 1 and Case 2 are presented in 
Figure 4. This figure illustrates how the method can be 
implemented to plan intervention and rectification through 
the design life to maintain compliance with the vertical 
alignment requirements and mitigate plastic deformation 
and fill settlement creep. The intervention planning cycle 
shown is in addition to routine tamping requirement.

Structure-to-embankment transition zones requires 
additional maintenance intervention and rectification 
through the design compared with a typical bulk fill 
embankment of the same height and formation.

Figure 4

Intervention 
planning through 
design life
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Goal Seek->
10m 0_5_15_25

EDG Embankment - 10m high 2m A/B, 8m C Embankment - 30m high 2m A/B, 28m C 15m 0_1_10_20_50 0 0
Embankment Time (Years) Se�lement (mm) Se�lement (mm) 20m 0_1_5_15_20 1 5.72

Distance From Bridge (m) --> 0 10 20 30 40 0 0 0 1 -5.28
Forma�on (Form) 0 25 30 80 130 1 5 30 2 3.56
Embankment (Emb) 0 50 100 150 200 2 10 60 Year (To - From) Year Temping Schedule - 15m High Le� Over 2 0.56
Total (Form + Emb) 0 75 130 230 330 5 17 100 1_0 5.72 0 Temping Target Se�ement before Temp 0 5 5.54

10 22 130 2_1 8.85 1 11 5.72 -5.28 5 0.54
15 25 148 5_2 4.97 2 3 3.56 0.56 10 4.68
20 27 161 10_5 4.14 5 5 5.54 0.54 10 0.68
25 29 171 15_10 #REF! 10 4 4.68 0.68 20 #REF!
50 34 201 20_15 #REF! 20 4 #REF! #REF! 20 #REF!

25_20 1.42 50 6 #REF! #REF! 50 #REF!
50_25 #REF! 50 #REF!

Goal Seek-> -0.01 0.00
Year Temping Schedule - 20m High Le� Over 0 0

Time (Years) Creep - Forma�on to Structure Transi�on Transi�on & Abutment - 30m high All A/B material 1_0 5.89 0 Temping Target Se�ement before Temp 0 1 5.89
0 0.00 0 2_1 9.19 1 11 5.89 -5.11 1 -5.11
1 2.36 22 5_2 5.23 2 4 4.08 0.08 2 4.08
2 3.45 44 10_5 4.35 5 5 5.31 0.31 2 0.08
5 5.14 73 15_10 #REF! 10 4 4.65 0.65 5 5.31

10 6.53 95 20_15 #REF! 20 5 #REF! #REF! 5 0.31
15 7.36 108 25_20 1.49 50 5 #REF! #REF! 10 4.65
20 7.96 117 50_25 #REF! 10 0.65
25 8.43 124 20 #REF!
50 9.89 146 Year Maintenance - Tamping / Ballast top up Schedule Le� Over 20 #REF!

1_0 5.09 0 Temping Target Se�ement before Temp 0 50 #REF!
2_1 5.16 1 6.14 5.09 -1.05 50 #REF!

Goal Seek-> 0.00 0.00 5_2 2.86 2 0.9 4.11 3.21
Rut Depth (Plas�c Deforma�on) 10 m high Embankment - Class A/B Material Total Se�lement = Plas�c Deforma�on + Creep 10_5 2.40 5 1.1 6.07 4.97 0 0

Time (Years) Se�lement (mm) Se�lement (mm) Se�lement (mm) 15_10 #REF! 10 1 7.38 6.38 1 5.09
0 0.00 0.00 0.00 1.00 20_15 #REF! 20 1 #REF! #REF! 1 -1.05

0.6 3.68 1.41 5.09 5.09 25_20 0.84 50 2.5 #REF! #REF! 2 4.11
0.6 3.68 1.41 5.09 0.00 50_25 #REF! 2 3.21
1 6.14 2.35 8.49 3.39 5 6.07
2 6.80 3.45 10.25 5.16 5 4.97
2 6.80 3.45 10.25 0.00 10 7.38
3 7.29 4.17 11.46 2.11 10 6.38
4 7.65 4.71 12.36 2.86 20 #REF!
5 7.97 5.14 13.11 3.48 20 #REF!
6 8.23 5.50 13.73 4.01 50 #REF!
7 8.45 5.80 14.26 4.48 50 #REF!
8 8.65 6.07 14.73 4.89
9 8.83 6.31 15.14 5.27
9 8.83 6.31 15.14 0.00

10 8.99 6.53 15.52 0.37
11 9.14 6.72 15.86 0.71
12 9.27 6.90 16.17 1.03
13 9.39 7.06 16.46 1.31
14 9.51 7.22 16.73 1.58
15 9.62 7.36 16.98 1.83
16 9.72 7.50 17.21 2.07
17 9.82 7.62 17.44 2.29
18 9.91 7.74 17.65 2.51
19 10.00 7.85 17.85 2.71
20 10.08 7.96 18.04 2.90
20 10.08 7.96 18.04 2.90
21 10.17 8.06 18.23 3.09
22 10.25 8.16 18.41 3.26
23 10.32 8.24 18.57 3.42
24 10.40 8.33 18.73 3.59
25 10.47 8.42 18.89 3.74
26 10.54 8.50 19.04 3.90
27 10.60 8.58 19.19 4.04
28 10.67 8.66 19.33 4.19
29 10.73 8.73 19.47 4.32
30 10.80 8.81 19.60 4.46
31 10.86 8.87 19.73 4.59
32 10.92 8.94 19.86 4.72
33 10.98 9.01 19.98 4.84
34 11.03 9.07 20.10 4.96
35 11.09 9.13 20.22 5.08
35 11.09 9.13 20.22 0.00
36 11.15 9.19 20.34 0.12
37 11.20 9.25 20.45 0.23
38 11.25 9.31 20.56 0.34
39 11.31 9.36 20.67 0.45
40 11.36 9.41 20.77 0.55
41 11.41 9.47 20.88 0.65
42 11.46 9.52 20.98 0.76
43 11.51 9.57 21.08 0.86
44 11.56 9.62 21.18 0.95
45 11.61 9.66 21.27 1.05
46 11.66 9.71 21.37 1.15
47 11.70 9.76 21.46 1.24
48 11.75 9.801951418 21.55 1.33
49 11.80 9.85 21.65 1.42
50 12.00 9.89 21.89 1.67

MAIN EMB
Total Se�lement = Plas�c Deforma�on + Creep

Time (Years) Se�lement (mm)
0 0.00

0.6 5.09
2 10.25
5 13.11

10 15.52
#REF! #REF!

20 18.04
25 18.89

#REF! #REF!
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Transi�on Zone and abutment - Assumed all A/B material

Maximum Allowable Se�lement in 50 years (mm)
General Embankment with 2m A/B
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FORMATION TO STRUCTURE TRANSITION

Creep - Forma�on to Structure Transi�on

Rut Depth (Plas�c Deforma�on)

Total Se�lement = Plas�c Deforma�on + Creep

Maintenance - Tamping / Ballast top up Schedule

Interven�on schedule relates to forma�on/ 
embankment se�lement only. Ballast degrada�on 
and ballast se�lement, including effect of track 
roughness, are not included in this assessment.

Goal Seek->
10m 0_5_15_25

Creep - Embankment - 10m high general fill Embankment - 30m high 2m A/B, 28m C 15m 0_1_10_20_50 0 0
Embankment Time (Years) Settlement (mm) Settlement (mm) Settlement (mm) 20m 0_1_5_15_20 1 #REF!

Distance From Bridge (m) --> 0 10 20 30 40 0 0 0 0 1 #REF!
Formation (Form) 0 25 30 80 130 1 5 30 2 #REF!
Embankment (Emb) 0 50 100 150 200 2 10 60 Year (To - From) Year Temping Schedule - 15m High Left Over 2 #REF!
Total (Form + Emb) 0 75 130 230 330 5 17 100 1_0 #REF! 0 Temping Target Settement before Tempi 0 5 #REF!

10 22 130 2_1 #REF! 1 11 #REF! #REF! 5 #REF!
15 25 148 5_2 4.97 2 3 #REF! #REF! 10 #REF!
20 27 161 10_5 #REF! 5 5 #REF! #REF! 10 #REF!
25 29 171 15_10 #REF! 10 4 #REF! #REF! 20 #REF!
50 34 201 20_15 1.82 20 4 #REF! #REF! 20 #REF!

25_20 1.42 50 6 #REF! #REF! 50 #REF!
50_25 4.84 50 #REF!

Goal Seek-> -0.01 0.00 0.00 -0.01
Year Temping Schedule - 20m High Left Over 0 0

Time (Years) Creep - High Embankment Class A/B material Transition & Abutment - 30m high All A/B mateFormation (Structure Zone) Formation (Embankment) 1_0 #REF! 0 Temping Target Settement before Tempi 0 1 #REF!
0 0.00 0 2_1 #REF! 1 11 #REF! #REF! 1 #REF!
1 2.36 22 5_2 5.23 2 4 #REF! #REF! 2 #REF!
2 3.45 44 10_5 #REF! 5 5 #REF! #REF! 2 #REF!
5 5.14 73 15_10 #REF! 10 4 #REF! #REF! 5 #REF!
10 6.53 95 20_15 1.91 20 5 #REF! #REF! 5 #REF!
15 7.36 108 25_20 1.49 50 5 #REF! #REF! 10 #REF!
20 7.96 117 50_25 5.06 10 #REF!
25 8.43 124 20 #REF!
50 9.89 146 Year Maintenance - Tamping / Ballast top up Schedule Left Over 20 #REF!

1_0 #REF! 0 Temping Target Settement before Tempi 0 50 #REF!
2_1 #REF! 1 8.5 #REF! #REF! 50 #REF!

Goal Seek-> 0.00 0.00 0.00 5_2 8.17 2 1.5 #REF! #REF!
Rut Depth (Plastic Deformation) Embankment - 10m high 2m A/B, 8m C Total Settlement = Plastic Deformation + Cree Structure Zone 10_5 #REF! 5 2.5 #REF! #REF! 0 0

Time (Years) Settlement (mm) Settlement (mm) Settlement (mm) Settlement (mm) 15_10 #REF! 10 2.4 #REF! #REF! 1 #REF!
0 0.00 0.00 0.00 0.00 20_15 2.47 20 2.5 #REF! #REF! 1 #REF!
1 6.14 5.00 11.14 11.14 25_20 2.38 50 3.5 #REF! #REF! 2 #REF!
2 6.80 10.00 16.80 16.80 50_25 6.53 2 #REF!
3 7.29 12.50 19.79 19.79 5 #REF!
3 7.29 12.50 19.79 0.00 5 #REF!
4 7.65 14.00 21.65 1.86 10 #REF!
5 7.97 17.00 24.97 5.18
6 8.23 18.00 26.23 6.44 10 #REF!
7 8.45 19.00 27.45 7.66 20 #REF!
8 8.65 20.00 28.65 8.87 20 #REF!
9 8.83 21.00 29.83 10.04 50 #REF!
10 8.99 22.00 30.99 11.20 50 #REF!
11 9.14 23.00 32.14 12.35
12 9.27 23.50 32.77 12.98
13 9.39 24.00 33.39 13.60
14 9.51 24.50 34.01 14.22
15 9.62 25.00 34.62 14.83
16 9.72 25.40 35.12 15.33
17 9.82 25.80 35.62 15.83
18 9.91 26.20 36.11 16.32
19 10.00 26.60 36.60 16.81
20 10.08 27.00 37.08 17.30
21 10.17 27.40 37.57 17.78
22 10.25 27.80 38.05 18.26
23 10.32 28.20 38.52 18.73
24 10.40 28.60 39.00 19.21
25 10.47 29.00 39.47 19.68
25 10.47 29.00 39.47 0.00
26 10.54 29.20 39.74 0.27
27 10.60 29.40 40.00 0.54
28 10.67 29.60 40.27 0.80
29 10.73 29.80 40.53 1.07
30 10.80 30.00 40.80 1.33
31 10.86 30.20 41.06 1.59
32 10.92 30.40 41.32 1.85
33 10.98 30.60 41.58 2.11
34 11.03 30.80 41.83 2.37
35 11.09 31.00 42.09 2.62
36 11.15 31.20 42.35 2.88
37 11.20 31.40 42.60 3.13
38 11.25 31.60 42.85 3.39
39 11.31 31.80 43.11 3.64
40 11.36 32.00 43.36 3.89
41 11.41 32.20 43.61 4.14
42 11.46 32.40 43.86 4.39
43 11.51 32.60 44.11 4.64
44 11.56 32.80 44.36 4.89
45 11.61 33.00 44.61 5.14
46 11.66 33.20 44.86 5.39
47 11.70 33.40 45.10 5.64
48 11.75 33.60 45.35 5.88
49 11.80 33.80 45.60 6.13
50 12.00 34.00 46.00 6.53

MAIN EMB
Total Settlement = Plastic Deformation + Creep

Time (Years) Settlement (mm)
0 0.00

#REF! #REF!
2 16.80
5 24.97

#REF! #REF!
15 34.62
20 37.08
25 39.47
50 46.00

Transition Zone and abutment - Assumed all A/B material

Maximum Allowable Settlement in 50 years (mm)
General Embankment with 2m A/B
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HIGH EMBANKMENT

Creep - Embankment - 10m
high general fill
Rut Depth (Plastic
Deformation)
Maintenance - Tamping /
Ballast top up Schedule
Total Settlement = Plastic
Deformation + Creep

Difference in creep 
settlement due to 
abutement material vs. bulk-
fill embankment material.


