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Abstract: The growing number of freight transported using railway transport is massive. Indonesia targeted
995,500,000 tons of freight transported using the railway mode. Double-stack train is one solution to increase the
freight tonnage of the train without adding the number of operations of the train. The 3D ANSYS model is made to
see the structural behavior of railway tracks under the double-stack train load using 1067 mm and 1435 mm gauge
from Indonesia’s railway track regulation. It was also modeled with several speeds to observe its influence on the
structure. It is known that in all output parameters of deformation, stress, and strain, the 1435 mm gauge acts better
for the structure than the 1067 mm gauge. The subgrade service life also became longer in the 1435 mm gauge
structure. Lower speed also gives a better impact on the structure of the track and possible to give longer service
life for subgrade. Further research is needed to observe the railway track structural behavior in cyclic loading and
the possibility of reinforcing the subgrade. The lab-scale test also needed to validate the analysis.
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1. Introduction

The Railway is an essential transportation mode to transport passengers and freights worldwide. In 2006, the
contribution of rail-based transportation mode in Indonesia is still lower than road-based transportation, with only
7.32% of passenger transportation and 0.63% of freight transportation (Muthohar et al., 2009). However, it is
increasing in recent years. In 2022, 61.9 million tons of commaoadities are transported through railway lines, as well as
277 million passengers (Badan Pusat Statistik, 2023). In addition, the Indonesian Government projected that in 2030
there will be 929,500,000 people and 995,500,000 tons of freight transported using railway services (Kementerian
Perhubungan, 2018). The increasing of passengers and freights transported means more cars to operate. To
accommodate that, railway operators should add more cars to each train set or increase the number of trains. On the
other hand, these strategies have many disadvantages for the train operation. Increasing the number of cars on every
trainset will increase the length of a trainset, thus the train driver will be difficult to monitor the trainset until the last
car and causing an issue for the safety factor. Furthermore, increasing the length of emplacement is also needed to
accommodate passengers’ boarding and alighting or loading and unloading freight, causing more expense to develop
the station area. Increasing the number of trains will also affect railway traffic, especially on the lines with heavy
traffic. It will be more difficult for the scheduler to make a timetable, causing the schedule's risk of not being as actual
as the timetable.

Another solution to overcome the problem, especially in freight trains, is by operating double-stack cars for
container freight trains. Double-stack trains are normally used for container freight trains, because of the ease to be
stacked on the cars. Most double-stack cars use 40 ft or 53 ft container size, and they also can be stacked with several
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configurations. As shown in Fig 1, the bottom position can be loaded by 2x20 ft containers or a single 40 ft container
while the upper position can be loaded by 40 ft or higher cube size i.e. 45 ft, 48 ft, or 53 ft container to maximize the
use of space in the cars. However, the central position of the upper container must be symmetrically connected to the
central point of the bottom container (Mantovani et al., 2018). Double-stack trains are first operated in 1977 and until
today widely used in The United States, Australia, India, and other countries (Alam & Watkins, 2007; Ng & Talley,
2020). This type of train gives many advantages; it can carry more containers than a conventional one without
increasing the number of cars, locomotives, and crew, and it also gives a smooth cargo ride thus minimizing vibration
for the commodities (Urban, 1987). In addition, operating double-stack trains provides many advantages for the
environment. For example, the pollution caused by the operation of double-stack trains is lower than the operation of
regular freight trains with an equal number of transported containers because double-stack trains offer fewer trainsets to
operate than regular freight trains. Several studies regarding double-stack trains have been delivered. (Mantovani et al.,
2018; Ng & Talley, 2020; Ruf et al., 2022) have modeled the load planning of double-stacked trains in a container
terminal. While (Alam & Watkins, 2007) investigated the behavior of double stacked-train due to crosswind effects
during the trip. However, there are still few articles investigating the effect of the operation of double-stacked trains on
the railway track.

53 ft

40 ft
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45' 48' 48' 40 53
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Fig. 1 - Container Stacking Configuration in Double-Stack Freight Train: (a) Arrangement of stacking
(Mantovani et al., 2018); (b) Example of stacking for different configurations in a trainset (www.gbrx.com, 2022)

Railway tracks are distinguished into the ballasted track and ballastless track, presented in Fig 2. Ballasted track,
well known as the conventional railway track, is a track structure consisting of rails and sleepers supported on the
ballast. This type of track has appeared since the beginning of the invention of the railways. The ballasted track has
many advantages due to the low initial construction cost and convenience of the construction process. However, it also
has several drawbacks such as the dynamic stability is not as good as the ballastless track, and it also needs higher
maintenance frequency (Esveld, 2001). Meanwhile, a ballastless track, or so-called slab track, is a track structure that
replaces the ballast layer on ballasted track with a concrete or asphalt layer. The ballastless track is mainly used in high-
speed railways and light railways. The advantages of this type of track are giving better dynamic stability and a smooth
ride for the trains, and it also has less maintenance frequency. Meanwhile, the disadvantage of this track is the high
initial construction cost (Michas, 2012).

Indonesia’s railway tracks are mainly using ballasted tracks, especially on the railway line used for intercity
passenger trains and freight trains. The design of Indonesia’s railway track refers to the Minister of Transportation
Regulation No. 60 of 2012 About the Technical Requirement of Railways (Kementerian Perhubungan, 2012). On the
regulation, Indonesia uses 2 types of gauge, which are narrow gauge (1067 mm) and standard gauge (1435 mm). Each
gauge has several rail track classes that are related to the tonnage passed, maximum speed, sleeper type, and ballast
thickness as shown in Table 1 and Table 2.

As presented in Table 1 and Table 2, 18 tons of axle load is applied in all rail track classes for 1067 mm gauge,
while 22.5 tons of axle load is applied in all rail track classes for 1435 mm gauge. This determination does not consider
performance for each component layer, thus the fatigue point and service life of the railway tracks are not known.
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(b)

Fig. 2 - Different types of railway track structure: (a) Ballasted track; (b) Ballastless track

Table 1 - Classification of Indonesia Railway Track for 1067 mm gauge (Kementerian Perhubungan, 2012)

Rail Passing Tonnage Design Axle Load Rail Type Sleeper Type Ballast
Track (Tons/Year) Speed (Tons) Distance Between Thickness
Class (Km/Hour) Sleeper (mm) (mm)

| > 20x10° 120 18 R.60/R 54 Cogggem 300
I 10x106 — 20x10° 110 18 R.54/R.50 Concreég/OT imber 300
1 5x106 — 10x10° 100 18 R.54/R.50/R.42 Concremq(')?be” Steel 300
IV 2.5x10° 5x10° 90 18 R.54/R.50/R.42 —2oncrete/ GTC')?be” Steel o5y
v < 2.5x10° 80 18 R.42 T'm%egésme' 250

Table 2 - Classification of Indonesia Railway Track for 1435 mm gauge (Kementerian Perhubungan, 2012)

Rail Passing Tonnage Design Axle Load Rail Type Sleeper Type Ballast
Track (Tons/Year) Speed (Tons) Distance Between Thickness
Class (Km/Hour) Sleeper (mm) (mm)

| > 20x108 160 225 R.60 Cogggete 300
I 10x10° — 20x10° 140 225 R.54 Cogggete 300
Il 5x10°— 10x10° 120 225 R.60/R 54 Cogggete 300
v < 5x10° 100 225 R.60/R 54 Cogggete 300

Several studies regarding the evaluation of railway tracks have been presented by (Liu, 2013; Rose et al., 2014;
Rose & Souleyrette, 2016; Setiawan, 2021, 2022) using KENTRACK software found that the stress on the top of the
subgrade will reduce with the adding asphalt layer between ballast and sub-ballast thus will extend the service life.
KENTRACK output is the maximum compressive stress and designs life of the subgrade. However, this software has a
drawback, the distribution of the stress and the vertical deformation is unknowable. (Kalliainen et al., 2016) studied the
behavior of railway tracks using Plaxis 3D with several specifications of rail, rail pads, sleeper, ballast, sub-ballast,
frost protection layer, and subgrade. While (M. Setiawan, 2022) evaluate the 1067 mm Indonesia’s railway track
performance 2D simulation using ABAQUS software with several combinations of speed and axle load.

There are several cars used to transport logistics in Indonesia. A flat car used for transport containers with several
capacities i.e. 42 tons, 45 tons, and 54 tons. Open wagons are used for transporting bulk commaodities such as coal with
a capacity of 50 tons, while tank cars are used for transporting liquid commaodities such as gasoline with a capacity of
up to 40 tons. However, double-stack cars give a higher load capacity of up to 77 tons. Even though double-stack trains
are never used before in Indonesia, but within all the advantages, it is possible that the double-stack train will be
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operated in Indonesia with the number of containers transported by train is more than 4 million tons and continuously
growing (PT. Kereta Api Indonesia, 2022). With the big maximum load differentiation between cars used in Indonesia
and double-stack cars, it is really important to understand the behavior of the railway track under the double-stack
trains loading, thus will understand the readiness of the railway track to be used, in this case, based on Indonesia’s
regulation, and this will help the railway stakeholder in Indonesia decide the operation of double-stack trains and make
sure about the safety of the track.

2. Research Method

In this case, to analyze the behavior of the railway track is simulated using 3D model ANSY'S 2023 software. The
model, material properties, and load used in the simulation will be explained.

2.1 Railway Track Dimension

1067 mm gauge model and 1435 mm gauge model are used to be evaluated in this simulation. All track types use
the 1% rail track class on each classification and the dimension of every track layer is presented in Table 3 and Table 4
based on Indonesia’s Railway Technical Requirements. Fig 3 and Fig 4 show the dimension of each model and also
show the measurement point of vertical displacement, equivalent stress, and strain.

Table 3 - Dimension model of 1067 mm gauge railway track layer

Dimension (mm)

Track Layers LxWxH
Sleeper 2000 x 260 x 220
Ballast 4700 x 1000 x 300

Sub-Ballast 4700 x 1000 x 400
Subgrade 4700 x 1000 x 2800

Table 4 - Dimension model of 1435 mm gauge railway track layer

Track Layers Dimension (mm)

LXWxH
Sleeper 2740 x 330 x 220
Ballast 4700 x 1000 x 300
Sub-Ballast 4700 x 1000 x 400
Subgrade 4700 x 1000 x 2800

830 mm 500 mm T 2000 mm T S00mm , o 850mm >

220 mm

-
L4
400 rm Sub-Ballast

2800 mm

(@) (b)
@ Strain-Stress at the top and bottom of ballast
[T Strain-Stress at the top and bottom of sub-ballast
A Strain-Stress at the top and bottom of subgrade
Deformation at the top of sleeper, at the bottom of ballast, and at the bottom of sub-ballast

Fig. 3 - Dimension Model of 1067 mm Gauge Railway Track: (a) Cross Section Model Dimension and
Measuring Point; (b) 3D Model for Analysis
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850mm  130mm T

220 mm

300 mm

400 mm Sub-Ballast

2800 mm

(@) (b)
@ Strain-Stress at the top and bottom of ballast
[T Strain-Stress at the top and bottom of sub-ballast
A Strain-Stress at the top and bottom of subgrade
Deformation at the top of sleeper, at the bottom of ballast, and at the bottom of sub-ballast

Fig. 4 - Dimension Model of 1435 mm Gauge Railway Track: (a) Cross Section Model Dimension and
Measuring Point; (b) 3D Model for Analysis

2.2 Railway Track Material Properties

Table 5 shows the material input used for the simulation. All materials in this study act to have linear elastic
behavior. The parameter will be used for materials in this study are density, Young’s modulus, and Poisson’s ratio. The
rail used for this study is R54 which is referred to UIC 54, while the sleeper uses concrete material. The material of rail
refers to (Shahraki et al., 2015) while other materials refer to (M. Setiawan, 2022).

Table 5 - Material Properties for Simulation

1 9
Layer I(:)Ifgr;?:]%/ Youn%'\jl Fl\,/; ())dulus Poisson’s Ratio
Rail 6186 210,000 0.3
Sleeper 2300 29,100 0.3
Ballast 1900 130 0.2
Sub-Ballast 1900 120 0.3
Subgrade 2000 80 0.3

2.3 Railway Track Loading

The car used to be applied the load in this simulation is based on the double-stack cars manufactured by The
GreenBrier Companies America, called 53° Husky-Stack as shown in Fig 5 (The GreenBrier Companies, 2019). This
car can carry up to 53’ containers in the bottom and top positions. Table 6 shows the weight specification of the car.

Al
I—_____________—l
Fig. 5 - Car Type Used for Simulation
Table 6 - 53° Husky-Stack Weight Specification
Weight Type Weight (Ibs) Weight (kg)
Light Weight 51,000 23,133
Capacity / Load limit 169,000 76,657
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Gross Rail Road Capacity 220,000 99,790

As shown in Table 6, the maximum weight of a car is 99,790 kg, Fig. 5 showed that the car has 4 axles thus the
load for every axle is 24,947.5 kg, which means that the wheel load is 12,473.75 kg. However, the load mentioned
before is a static load where the load is present when the car is not moving. Then, calculate the dynamic load using Eq.
1 and Eq. 2 according to the Talbot formula (Rosyidi, 2015).

I,=1+0.01(—-5) (1)

L&0gy

Fa=Exlp )

Where Ip is the conversion factor, V is vehicle speed in km/h, Pd is dynamic wheel load, and Ps is static wheel
load. To calculate the dynamic load, the speed factor and static load factor are essential. For example, with the speed of
60 km/h, within the equation above can be found that the dynamic load is 16,501.6 kg.

Table 7 shows the case scenario for the simulation based on the gauge length, speed, and other parameters
explained above. The gauge length used for the analysis is 1067 mm and 1435 mm, while the speed varies from 60
km/h — 160 km/h. However, based on Indonesia’s railway track technical requirements, the maximum speed of 1067
mm gauge is limited to 120 km/h, thus the speed of 160 km/h is only performed by 1435 mm gauge.

Table 7 - Case Scenario

Case Gauge Length  Speed Car Axle Wheel Wheel Dynamic
Number (mm) (km/h) Load Static Load Dynamic Load Load
(kg) (kg) (kg) (N)
Al 1435
A2 1067 60 24,947.5 12,473.75 16,501.6 161,825
Bl 1435
B2 1067 90 24,9475 12,473.75 18,827.3 184,632.8
C1l 1435
C2 1067 120 24,947.5 12,473.75 21,153 207,440.6
D1 1435 160 24,947.5 12,473.75 24,254 237,850.9

3. Results and Discussions

The analysis results in some output as mentioned in the previous part, that are deformation, stress, and strain of the
track.

3.1 Track Layer Deformation

The deformation of every layer of the track can be known after the analysis. Fig 6 shows the behavior of the track
for every load applied in 1435 mm gauge track, while Fig 7 shows the behavior of the track in 1067 mm gauge for
every load.

B: Railway Track 1435 mm
Total Deformation

Type: Total Deformation
Unit: mm

Time: 15

11/04/2023 15:02

1,2632 Max
! 11228
098247

084212

070176
056141
042106
028071
014035
0 Min

B: Railway Track 1435 mm
Total Deformation

Type: Total Deformation
Unit: mm

Time: 1s

12/04/2023 10:30

1,4307 Max
H 12718
11128

| 095382
0,79485
063588
047691
031794
0,15897
0 Min

(a) Case Al (b) Case B1
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B: Railway Track 1435 mm B: Railway Track 1435 mm
Total Deformation Total Deformation

Type: Tatal Deformation Type: Total Deformation
Unit: mmi Unit: mm

Time: 15 Time: 15

12/04/2023 10:55 12/04/2023 1113

1,8158 Max
! 16141
14123

1,2106
10088
0,80704
060528
040352
020178
0 Min

1,5967 Max
| 14193
12419
10645
0,88705
1 070964
& os3s

0,35482
I 017747
0 Min

(c) CaseC1 (d) Case D1
Fig. 6 - Deformation Distribution of 1435 mm Gauge Track

A: Rallway Track 1067 mm
Total Deformation

Type: Total Deformation
Unit: mm

Time:1s

11/04/2023 12:04

16636 Max
E 14787
1,2939

1,109
09242
0,73936
0,55452
036968
0,18484
0 Min

A: Railway Track 1067 mm
Total Deformation
Type: Total Defarmation
Unit: mm

Time: 15

11/04/2023 13:27

1,88 Max
! 16712
14623

12534
1,0445
0,83558
0,62668
041779
0,20889

0 Min

(a) Case A2 (b) Case B2

A: Railway Track 1067 mm
Total Deformation

Type: Total Deformation
Unit mm

Time: 1s

11/04/2023 14:04

2,0954 Max
| 1,8626
= 16298
1,397

1,1641
09313
0,69848
0,46565
0,23283

0 Min

(c) Case C2
Fig. 7 — Deformation Distribution of 1067 mm Gauge Track

The pictures above represent the deformation distribution of the tracks. It can be seen that the deformation pattern
of both 1435 mm gauge and 1067 mm gauge are similar. The roadbed layers look very similar, but if look closely at the
pictures, the deformation on the sleeper is different. Deformation on 1067 mm gauge sleeper occurs on the whole
sleeper, in contrast to 1435 mm gauge sleeper where the deformation occurs from the bottom of the rail and creeps to
the middle of the sleeper. However, the deformation values for every case are different, especially for the 1435 mm
gauge and 1067 mm gauge with the same load as shown in Fig. 8. It can be seen that the highest deformation happened
in the top sleeper, followed by bottom ballast and bottom sub-ballast respectively. In addition, the deformation
difference distance on 1435 mm gauge and 1067 mm gauge is around 0.4472 mm (32.8%) on average at the
measurement point of the top sleeper, followed by 0.2181 mm (25.4%) and 0.0941 mm (22.3%) in bottom ballast and
bottom sub-ballast respectively.
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2.2
I ' ' ' Gauge 1435, Top Sleleper
21 Gauge 1435, Bottom Ballast
o b Gauge 1435, Bottom Sub-Ballast
Gauge 1067,
19 Gauge 1067, Bot
8 Gauge 1067, Bottom Sub-Ballast
1.
1.7 F ‘* ]

16 | -
14 | | _
1.1 F |

1} - -
09 } 7
0.8 | -
0.7 } -
0.6 | 7_ _
04 | 7
03} -

0.2 . L 1 1 1 1 Il
160000 170000 180000 190000 200000 210000 220000 230000 240000

Load (N)

Deformation (mm)

Fig. 8 - Deformation Measurement

3.2 Track Layer Stress-Strain

Stress-strain outputs are important to understand the mechanistic behavior of every layer of the railway track. It
can illustrate the condition of the material under certain conditions. The stress distribution on the railway track is shown
in Fig 9 for 1435 mm gauge and Fig 10 for 1067 mm gauge and the value of the stress is shown in the graphic in Fig
11, while the strain distribution is shown in Fig 12 for 1435 mm gauge and Fig 13 for 1067 mm gauge and the strain
value shown on Fig 14.

B: Railway Track 1435 mm
Equivalent Stress

Type: Equivalent (van- Mises} Stress
Unit: MPa

B: I?ai.way Track 1435 mm
Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 15

12/04/2023 10:31

ime:1s
11/04/2023 15:03

™ 49,511 Max
42909

56,261 Max

37546 . 4,2909

32182 37546

ol 26818 32182

2,1455 26818
16091 -

B 21455

o eom

10727
g o
2,2372e-17 Min

10727
I 0,53637
2,5334e-17 Min

(a) Case Al (b) Case B1

B: Railway Track 1435 mm
Equivalent Stress

Type: Equivalent (von-Mises) Strass
Unit: MPa

B: Railway Track 1435 mm
Equivalent Stress

Type: Equivalent (van-Mises) Stress
Unit: MPa

Time: 15

12/04/2023 10:56

Time: 1s
12/04/2023 11:14

. 71,841 Max
4,2909

62,966 Max
. 4,2909 37546
= 37546 32182
32182 26818

B oouss

L RELE

10727
I 053637
3,216€-17 Min

26818
ﬂ 2,1455
16091

10727
I 053637
2,8285e-17 Min

(c) Case C1 (d) Case D1
Fig. 9 - Stress Distribution of 1435 mm Gauge Track
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A: Railway Track 1067 mm A: Railway Track 1067 mm
Equivalent Stress Equivalent Stress

alent (von- Mises) Stress Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 15

11/04/2023 13:31

17/0472023 9:26

] 56,131 Max 63,771 Max
76525 ;
5: | 76525
| 65756
54987

44218

33449

2,268

11911

011422
2,4352e-17 Min

(a) Case A2 (b) Case B2

1811
| B
2,1479-17 Min

A: Railway Track 1067 mm
Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 15
11/04/2023 14:04

71,347 Max

n 76525
65756
54987
44218

L JEECLE]

= 228

11911
I 011422
2,718e-17 Min

(c) Case C2
Fig. 10 - Stress Distribution of 1067 mm Gauge Track
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I ___4——Gauge 1067, Bottom Sub-Ballast
_— Gauge 1067, Top Subgrade
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160000 170000 180000 180000 200000 210000 220000 230000 240000
Load (N)

Fig. 11 - Measurement of Stress

Fig 9 and Fig 10 show that the stress is concentrated on the sleeper area because the sleeper impacted directly the
load occurs in the rail. However, the sleeper is not included in the measurement of stress. The pictures above also show
that stress on the ballast layer in 1067 mm gauge is more noticeable than stress in 1435 mm gauge. Fig 11 illustrates
that stress in almost every layer is higher in 1067 mm gauge than 1435 mm gauge. The biggest stress happens in the
Top Ballast of 1067 mm gauge with stress average is around 0.289 MPa, which is higher 0.083 MPa (40.4%) than 1435
mm gauge stress which is around 0.206 MPa in the same measurement position. This explains that a wider gauge can
distribute the load evenly and cause the stress to occur in the layer underneath to become smaller. While the stress
value on the bottom of the subgrade is almost the same, with a difference of about 0.000005 MPa.
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B: Railway Track 1435 mm
Equivalent Elastic Strain

Type: Equivalent Elastic Strain
Unit: mm/mm

Time: 15

1/04/2023 15:03

0,003038 Max
| s
00023629
00020253
00016678
B ooo13sor
B oooomzy
0.0006751
I 000033755

2,7957¢-19 Min

(@) Case Al

B: Railway Track 1435 mm
Equivalent Elastic Strain
Type: Equivalent Elastic Strain
Unit: mm/mm

Time: 1

12/04/2023 10:56

. 0,0038961 Max

0,0034632

== 00030303
0,0025974

D 0,0021845
0,0017316

£ 00012987
0,00086581

I 000043291

3,5326e-19 Min

(c) Case C1

B: Railway Track 1435 mm
Equivalent Elastic Strain
Type: Equivalent Elastic Strain
Unit: mm/mm

Time: 15

12/04/2023 10:32

0,0034674 Max

. 0,0030822
0,002696%
0,0023116
0,0019263

J 0,0015411

B 00011558
0,00077054

I 0,00038527

3,1664e-19 Min

(b) Case B1

B: Kzilwzy Track 1435 mm
Equivalent Elastic Strain

Type: Equivalent Elastic Strain
Unit: mm/mm

Time: 15

12/04/2023 11:14

. 0,0044673 Max

I 4,019¢-19 Min

(d) Case D1

Fig. 12 - Strain Distribution of 1435 mm Gauge

A: Railway Track 1067 mm
Equivalent Elastic Strain

Type: Equivalent Elastic Strain
Unit: mmm/mm
Time: 15

11/04/2023 12:07

™ 0,0037679 Max

I 2,6856e-19 Min

(@) Case A2

A Railway Track 1067 mm
Equivalent Elastic Strain

Type: Equivalent Elastic Strain
Unit: mm/mm

Time: 15

11/04/2023 14:06

] 0,0048269 Max
0,0042906

0,0037543
0,0032179
0,0026816
&8 00021453
© | opolen9
0000726
I 0,00053632

3,3979¢-19 Min
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A: Railway Track 1067 mm
Equivalent Elastic Strain
Type: Equivalent Elastic Strain
Unit: mm/mm

Time: 15

11/04/2023 13:32

. 0,0042973 Max
0,0038199
0,0033424
0,0028649
0,0023874

H 0.0019099
00014324
0,00095496

I 0,00047748

3,0425¢-19 Min

(b) Case B2

(c) Case C2
Fig. 13 - Strain Distribution of 1067 mm Gauge
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Fig. 14 - Measurement of Strain

The distribution of strain is almost the same between the 1435 mm gauge and 1067 mm gauge as shown in Fig 12
and Fig 13. However, the strain value are completely different. The strain value on 1067 mm gauge are higher than on
1435 mm gauge in every layer. On the top ballast position, the average strain value is 0.00236 mm/mm for 1067 mm
gauge and 0.00165 mm/mm for 1435 mm gauge. It also can be concluded that the strain on 1067 mm gauge is 42.8%
higher than the strain on 1435 mm gauge. It shows that the 1435 mm gauge can be more resilient than the 1067 mm
gauge to withstand higher loads.

Stress and strain output is correlated to the modulus of elasticity or Young’s Modulus (E). Table 8 explains the
deviation between the measured elastic modulus calculated using Eq. 3 (Faridmehr et al., 2014) and the theoretical
elastic modulus that has been entered in the properties material section. The measured elastic modulus is mostly
slightly lower than the theoretical elastic modulus. This shows that there is little differentiation between the theoretical
elastic modulus and measured elastic modulus in calculation using software simulation.

E =

a5

@)
Where E is the elastic modulus value (MPa), o is the stress value (MPa) and & is strain value (mm/mm).

Table 8 - Differences of Theoretical Elastic Modulus and Measured Elastic Modulus

Theoretical Elastic Measurement Measured Elastic
Case Layer

Modulus (MPa) Location Modulus (MPa)
Ballas 130 Bottom 129119
AL Sub-Ballast 120 B;?gm 15‘15253
Subgrade 80 B;l)-t?gm ;ggig
Ballas 130 Bottom 129,468
A2 Sub-Ballast 120 B;?gm 113823
Subgrade 80 B;—t?gm ;&73;81
Sub-Ballast 120 Bottom 119:896
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Subgrade 80 BCT,tct)gm ;gégg

Ballast 130 Bottom 125,460

B2 Sub-Ballast 120 B(T,tct)gm Eg:ggé
Subgrade 80 Bgtct)gm ;gzg?

Ballast 130 Bgt?gm gggéé

c1 Sub-Ballast 120 BZ{:Sm ﬁg%ﬁ
Subgrade 80 Bgtct)gm ;igg?

Ballast 130 Bgﬁgm iggggg

c2 Sub-Ballast 120 nggm 12328
Subgrade 80 B;—t?gm ;gg;g

Ballast 130 B oo

D1 Sub-Ballast 120 B Py
Subgrade 80 Bgt?gm ;(7)223

3.3 Subgrade Service Life

Subgrade is one important layer located at the bottom of the railway track structure. It means that subgrade layer is
the last layer to receive the load from the other layers above. Thus, it needs to know the resilience and service life of
this layer regarding to the maintenance schedule due to the layer location is make it difficult to monitor the condition
and maintain the structure, different from the other layers that are easy enough to monitor the condition and doing the
maintenance because their’s location is on the top part of the structure.

Before calculating the subgrade service life, it needs to know the allowable number of repetitions from the train
load passing using Eq. 4, then the service life can be known using Eq. 5 (Rose et al., 2014).

Ny = ‘1-.:33? x 10-5g 3734 258 4
TR ©

=1 ""I:'f

Where,

Ng is allowable number of subgrade load repetition,

@¢ is compressive stress at the top of subgrade (psi),

E; is elastic modulus of subgrade (psi),

L is service life of subgrade (years),

Nj is predicted number of subgrade load repetition in one year

To accommodate the service life needs to know the load repetition in one year. A car consists of 4 axles and it will
be counted as 1 repetition in this calculation. If it is predicted that in one day will be 20 trainsets passing consisting of
30 cars, thus the calculation of repetition in one year is shown in Table 9 below.

Table 9 - Number of Repetition Calculation

Parameter Value
Number of trainsets per day 20 trainsets/day
Number of cars per trainset 30 cars/trainset
Number of repetition per day 600 repetitions/day

Number of repetition per year (365 days) 219,000 repetitions/year
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Table 10 shows the calculation of subgrade service life. Case with lower speed gives longer service life explain
that speed giving a big influence on the dynamic load as shown in Eq 1. For example, case Al with a speed of 60 km/h
gives 61% longer service life than case B1 with 90 km/h speed on the same gauge width. However, at the same speed,
1435 mm gauge track gives a longer service load than 1067 mm. In case Al, 1435 mm gauge has 63.7% longer service
life than 1067 mm gauge in case A2. It also can be seen that 1435 mm gauge can distribute the train load better thus the
load received by the subgrade smaller and the compressive stress that occurs in the subgrade also become smaller. To
conclude, the railway operator should consider the maximum speed of the train to minimize the damage to the subgrade
before its time because it strongly influences the compressive stress impacted on the subgrade. Another way to improve
the service life is by increasing the thickness of the ballast and sub-ballast layer (Prabawa & Primadiyanti, 2022)
because the thickness layer of ballast and sub-ballast influence the load distribution and thus can decrease the
compressive stress on top of the subgrade. Besides that, the ballast and sub-ballast thickness used in this analysis are
the minimum requirement of Indonesia’s regulation.

Table 10 - Calculation of Subgrade Service Life

Case Compressive Stresson  Compressive Stress on Ng Service Life
Top of Subgrade (MPa) Top of Subgrade (psi) (years)
Al 0.054008 7.8332 8127654.465 37.11
A2 0.061629 8.9385 4964849.832 22.67
B1 0.061358 8.8992 5047225.588 23.05
B2 0.069601 10.0948 3152372.705 14.39
C1 0.068236 9.8968 3394353.924 15.50
C2 0.077567 11.2502 2103341.834 9.60
D1 0.076745 11.1309 2188702.434 9.99

4. Conclusions

Operating the double-stack train is one way to increase the amount of freight transported with the train without
increasing the number of trains operated. In consequence, it will add the load of the train that impacted the railway
track structure. The ANSYS software is used to make 3D model and evaluate Indonesia’s railway track structure under
a load of the double-stack train with 1067 mm and 1435 mm gauge and several scenarios of speed as well. Several
important findings can be summarized as follows:

1. Gauge of 1435 mm gives better performance in all parameters of deformation, stress, and strain than 1067 mm

gauge in all scenarios. The difference deformation between 1435 mm gauge and 1067 mm gauge on average is
32.8% in the top sleeper, 25.4% in the bottom ballast, and 22.3 % in the bottom sub-ballast. In the position of
the top ballast, the average stress on 1067 mm gauge is 40.4% higher than the stress on 1435 mm gauge. While
the strain parameter shows that the top ballast on 1067 mm gauge is 42.8% higher than the strain in 1435 mm
gauge.

2. The speed of the double-stack train affected the output of three parameters. Higher speed makes the dynamic
load higher and it will increase the load that occurs on the railway track. Thus, in the implementation of the
operation of a double-stack train, the operator should consider the maximum speed.

3. The 1435 mm gauge gives longer service life in all scenarios, with 37.11 years for the longer service life with
speed of 60 km/h. While the 1435 mm gauge in speed of 160 km/h service life is 9.99 years, still longer than
the 1067 mm gauge with 120 km/h speed which is 9.6 years. However, the operator should determine suitable
gauge width and maximum operating speed to maximize the service life.

However, this paper only considers the static load, future research is needed to see the long-term structural

behavior of the railway track under cyclic loading. The thickness component of ballast and sub-ballast is also

important to decide the subgrade service life. It also needs to be considered possibility of reinforcing the soil on the
input parameter to improve the service life of subgrade. Lastly, it also need the validation of the lab-scale test
before the operation of the double-stack train.
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