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Abstract. The performance of track conditions must be thoroughly assessed to ensure the safe
operation of the train that travels through the track. The Track Quality Index (TQI) is used to
determine the condition of the railway track. The TQI value is a statistical summary of track
geometry parameters measured over a specified track length. There are several methods used to
analyze TQI including the Indonesian Railway standard (PT. KAI). The KATI’s analysis method of
the TQI is a sum up of four parameters which are alignment, longitudinal level, cross-level, and
track gauge. Moreover, TQI is used to determine the speed limit allowed for the train to pass
through the track. A multibody dynamic system simulation was recently performed as a reference
to compare track quality assessments based on driving safety and vertical loads on rails, in which
one of the outputs is the speed limit. This result shows that the speed limit based on the multibody
system is slightly lower at certain segments compared to the TQIL.

Introduction

In the last two decades, the train has become one of the most popular modes of land transportation
in Indonesia, appealing to people of all socioeconomic backgrounds. As a mode of transportation,
trains are quite efficient as they have used less land per passenger as well as environmental impact
compared with other modes of land transport [1]. Therefore, improving the service quality should
be considered to maintain passenger satisfaction. This is closely related to the importance of
monitoring the railway track and rolling stock condition [2]. One of the parameters of user
satisfaction is the absence of delays and travel time that can compete with private transportation.
Where the delay will have an impact on the quality of its railway capacity [3]. The travel time will
be related to the running speed of the train. The higher the speed needed, the better railway track
condition needed.

Track Quality Index (TQI) is one of the methods that provides the possibility to assess the
performance indicators of a railway line. In addition, TQI can also summarize and display the
condition of most train tracks which can be used to monitor track quality degradation [4].
Meanwhile, technological innovations significantly impact developments in transportation
maintenance, especially railway maintenance. The Multibody System (MBS) is one of the software
that is used to represent the railway condition such as critical speed, passenger comfort, derailment,
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wear, and fatigue. It has been widely utilized to analyze the dynamic behavior of rolling stock
running on arbitrary tracks while arbitrary maneuvers [5].

Further research is needed on the application of TQI in Indonesia. In this study, analysis was
carried out in a comparative way using quantitative and descriptive methods. The results of speed
recommendations based on TQI analysis are compared with vehicle responses from multibody
dynamics simulation. It is essential to comprehend the value of railway quality in each approach
as well as the factors that could affect it.

Experimental Objective

The Operational Areas or Daerah Operasional (DAOP) of the railway in Java are divided into nine
operational areas. This study is conducted on Java at several points of train track locations in
Operational Area Seven (Daerah Operasional (DAOP) VII). The trajectory point under review
starts from Kertosono - Mojokerto at KM 82 - KM 86. In addition, this location was chosen
because this segment has expanded to being a double track [3], [6]. The detailed location of this
case study is shown in Fig. 1.

Fig. 1 Operational Area Seven Location (Kertosono — Mojokerto)
Source: Google Maps

Literature Review

Track Quality Index (TQI) Method

The railway track’s quality and evaluation of its condition will relate to its maintenance. As a basis
for determining the quality of railways and evaluating their condition, a standard value is needed
to evaluate the quality of railways called the Track Quality Index (TQI) [4], [7]. The safety risks
from the trackside and the rail maintenance method on the train depending on the track's
maintenance and the speed limits of the trains operating on the track [8]. In measuring the track
quality index, several parameters of the geometry of the railway are needed that affect the
measurement of the quality of the rail, including the lift, the alignment, the height, the width of the
track, twist, curvature, and warp [7], [9]-[11].

In Indonesia, the quality index is obtained by adding up 4 (four) measurement parameters,
namely crosslevel, alignment, profile, and track gauge. To get the data of these geometric
parameters, measurements are needed by the train. The measuring train used by PT. Kereta Api
Indonesia is the EM-120 type [12]. The calculation segmentation depends on the method used,
including 25-40 meters at every 200 meters [8], [13]. In addition, the quality index can also be
used to monitor track degradation and summarize most railway track conditions. The rail quality
index is calculated by taking the standard deviation of the parameters in each segment that has
been determined.
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The track quality index is calculated using the standard deviation of each parameter in this

approach. Eq. 1. is used to calculate its value.

(1)

Where SD represents Standard Deviation, Xi represents the current value of the data, while n

represents the number of values in the data.

The track quality index value is calculated by adding the standard deviation values of each track

geometry parameter, as shown in Eq. 2.

TQI =SD1+SD2 + SD3 + SD4

)

The standard deviation values of the four geometric parameters, namely cross-level, alignment,
profile, and track gauge, are represented by the values SD1, SD2, SD3, and SD4.

In calculating the quality of railway, the necessity for a limit is employed to derive the quality
index. Table 1 shown the speed limit standard implemented by PT. Kereta Api Indonesia based on

the TQI value calculated using KAI’s method.

Table 1 The standard Track Quality Index assessment [14]

Number TQI Total Speed (km/hour) Category
1 <20 100-120 Very Good
2 20-35 80-100 Good
3 35-50 60-80 Moderate
4 >50 <60 Poor

Multibody Dynamic Testing Method

Technological advances have greatly influenced developments in the field of transportation.
Assistive applications are being developed to maximize productivity. Especially in the multibody
dynamics simulation which uses Universal Mechanism (UM). The Universal Mechanism (UM) is
a software system in the form of modeling the dynamics of railway vehicles by representing
vehicles with a system of rigid and/or elastic bodies (Multibody System, MBS). This software has
been made to simulate trains to the computer from the kinematic and dynamic processes of
different mechanical systems [15]. Examples of bogies of a locomotive model can be seen in Fig.
2.

Fig. 2 Model of Bogie and Locomotive [16]
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Universal Mechanism Simulation

Throughout this simulation stage, dynamic testing is performed to analyze 2 (two) aspects:
driving safety and railway load. Dynamic testing is carried out at various speeds in accordance
with the universal mechanism standard. Dynamic test simulations were also conducted on 15
straight railway segments with a track length of 1 km per segment. In addition, each railway
segment will have a different KAI standard TQI value.

Driving safety is obtained from the large value of the lateral force on the railway wheel device.
The simulation variable used is the combination of the right wheels’ lateral forces, which are added
to the left wheels’ lateral force to obtain the lateral force of each wheel. All simulation results
analyzed are the lateral forces of the wheels on each bogie. The simulation results are compared
to the limit of driving safety. The driving safety limit is determined by estimating the lateral load
weight exerted by the railway wheels on the rails, which can be accomplished using Eq.3 [17].

Drivingsafetylimit = a (10 + %) 3)

Where a is a traction unit, and Py is the axle load. In addition, the driving safety limit and Py are
stated in kN.

The load assessment on the railway can be done by using the maximum vertical force that
occurs on the wheels. The simulation variable is the vertical force on each wheel. The vertical style
of the trained model has 8 wheels on each set. The results of the simulation of the vertical forces
obtained are compared with the maximum and minimum limits of the vertical forces. The track
loading limit is determined by calculating the weight of the vertical forces applied by train wheels
to the rail. This can be achieved by using Eq.4 [17].

Trackloadinglimit = 90 + Q, 4)

Where Qo is a static load on each wheel of the train. Furthermore, the track loading limit and
static load are expressed in kN.

Result and Analysis Discussion
TQOI Analysis

The data used was obtained from the measuring train. The measuring train is computed in
segments, which are 200 m long and have 800 data in every segment. The track quality index is
calculated by adding the standard deviation values of each track geometry parameter using Eq. 1
and 2 above. After obtaining the standard deviation calculation results, the track quality index
value can be calculated using the existing method. The TQI value is shown in Table 2.

As seen in Table 2 above, the TQI value for all segments is below 20, which means that the
train is allowed to pass at speeds between 100-120 km/hour at that segment.
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Table 2 TQI values of Kertosono-Mojokerto

INDONESIAN STANDART

Trip Segment KM TQI Category Speed Limit
Ktsn-Mjkt I 82+000 - 82+200 16,1146425 <20 100-120 km/h
Ktsn-Mjkt 11 82+200 - 82+400 15,8793248 <20 100-120 km/h
Ktsn-Mjkt 11 82+400 - 82+600 11,2537936 <20 100-120 km/h
Ktsn-Mjkt v 82+600 - 82+800 14,9633809 <20 100-120 km/h
Ktsn-Mjkt \Y 82+800 - 83+000 19,4361028 <20 100-120 km/h
Ktsn-Mjkt I 84+000 - 84+200 9,96042939 <20 100-120 km/h
Ktsn-Mjkt 11 84+200 - 84+400 10,5794153 <20 100-120 km/h
Ktsn-Mjkt 11 84+400 - 84+600 7,97946557 <20 100-120 km/h
Ktsn-Mjkt v 84+600 - 84+800 18,9112343 <20 100-120 km/h
Ktsn-Mjkt \Y 84+800 - 85+000 16,8108981 <20 100-120 km/h
Ktsn-Mjkt I 85+000 - 85+200 10,0887644 <20 100-120 km/h
Ktsn-Mjkt 11 85+200 - 85+400 6,84086827 <20 100-120 km/h
Ktsn-Mjkt 11 85+400 - 85+600 10,2196279 <20 100-120 km/h
Ktsn-Mjkt v 85+600 - 85+800 12,835213 <20 100-120 km/h
Ktsn-Mjkt \Y 85+800 - 86+000 9,07318428 <20 100-120 km/h

The Driving Safety Limit and the Load on Track Result

Dynamic testing is carried out to analyze two aspects, which are driving safety and the load on the
railway. Dynamic testing was carried out at several different speeds, 60 km/hour; 80km/hour; 100
km/hour, and 120 km/hour. In addition, the lateral and vertical loads that occur on the wheels were
also tested. The maximum lateral load limit deemed to be safe at a certain speed is 25.671kN.
Meanwhile, the maximum vertical load allowed is 94.273 kN.

Table 3 Lateral and Vertical Load Simulation Results of DAOP VII (Kertosono - Mojokerto)

Trip Segment KM Late(rlilll\;oad Speed Limit ¥z:glclzl (l;();()l ili)renei(tl
Ktsn-Mjkt 1 82+000 - 82+200
Ktsn-Mjkt 11 82+200 - 82+400 100
Ktsn-Mjkt 111 82+400 - 82+600 26,80520898 80 km/h 119,3827656 Kkm/hour
Ktsn-Mjkt 1A% 82+600 - 82+800
Ktsn-Mjkt \ 82+800 - 83+000
Ktsn-Mjkt 1 83+000 - 82+200
Ktsn-Mjkt 11 83+200 - 83+400
Ktsn-Mjkt 111 83+400 - 83+600 15,75104199 100 km/h 106,2932344 | 80 km/hour
Ktsn-Mjkt v 83+600 - 83+800
Ktsn-Mjkt \ 83+800 - 84+000
Ktsn-Mjkt 1 84+000 - 84+200
Ktsn-Mjkt 11 84+200 - 84+400 100
Ktsn-Mjkt 111 84+400 - 84+600 16,31691406 100 km/h 115,829125 Kkm/hour
Ktsn-Mjkt 1A% 84+600 - 84+800
Ktsn-Mjkt \ 84+800 - 85+000
Ktsn-Mjkt 1 85+000 - 85+200
Ktsn-Mjkt 11 85+200 - 85+400
Ktsn-Mjkt 111 85+400 - 85+600 27,56689844 80 km/h 99,75774219 | 80 km/hour
Ktsn-Mjkt v 85+600 - 85+800
Ktsn-Mjkt \ 85+800 - 86+000

Based on the 100km/hour simulation, there were several segments that went over the vertical
and/or lateral load limit. For that reason, it is recommended to reduce the speed limit to below
100km/hour in those segments.
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The results of lateral and vertical load testing as load limits on the rails and speed limits on each
track tested can be seen in Table 3.

Table 4 Final Speed Limit Results by DAOP VII Simulation DAOP VII (Kertosono - Mojokerto)

Trip Segment KM Parameters Speed Limt
Ktsn-Mjkt I 82+000 - 82+200
Ktsn-Mjkt 11 824200 - 82+400
Ktsn-Mjkt 111 82+400 - 82+600 Load on rail 100 km/hour
Ktsn-Mjkt v 82+600 - 82+800
Ktsn-Mjkt \% 82+800 - 83+000
Ktsn-Mjkt I 834000 - 82+200
Ktsn-Mjkt 11 834200 - 83+400
Ktsn-Mjkt 111 83+400 - 83+600 Load on rail 80 km/hour
Ktsn-Mjkt v 83+600 - 83+800
Ktsn-Mjkt \% 83+800 - 84+000
Ktsn-Mjkt I 84+000 - 84+200
Ktsn-Mjkt 11 84+200 - 84+400
Ktsn-Mjkt 111 84+400 - 84+600 Load on rail 100 km/hour
Ktsn-Mjkt v 84+600 - 84+800
Ktsn-Mjkt \% 84+800 - 85+000
Ktsn-Mjkt I 85+000 - 85+200
Ktsn-Mjkt 11 85+200 - 85+400 Driving safety
Ktsn-Mjkt 11 85+400 - 85+600 Load on rail ’ 80 km/hour
Ktsn-Mjkt v 85+600 - 85+800
Ktsn-Mjkt \% 85+800 - 86+000

Meanwhile, the results of driving safety limits and railway loads on the DAOP VII (Kertosono
- Mojokerto) are shown in Table 4.

Comparison of Speed Limit Calculation Results for Each Method

Comparison of Speed Limits of the Three Methods on the DAOP VIl Railroad
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Fig. 3 Comparison of Speed Limits of the Three Methods on the DAOP VII Railway (Kertosono -

Mojokerto)

At this stage, the comparison is carried out as a whole and at several points. As illustrated in
Fig. 3, the TQI value shows the calculation of the TQI for railways using the KAI’s method and
UM train simulation. The result using the KAI’s method dominated by the "Very Good" category
for the railway span with a speed limit of 100 km/hour - 120 km /hour and followed by the "Good"
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category with a speed limit of 80 km/hour - 100 km/hour in one segment. Furthermore, in the
calculations using the Universal Mechanism (UM) train simulation, the speed is dominated by 80
km/hour and followed by 100 km/hour in several segments. With this comparison, it is found that
the suitability of the average speed limit approach with TQI the KAI’s of the UM simulation is
around 80.58%. Therefore, considering safety, it has been recommended that operating speed at
Kertosono - Mojokerto in the range of 80 km/hour - 100 km/hour.

Conclusion

From the analysis above, it can be seen that the travel speed limit using the simulation is lower in
some segments compared to when using the TQI analysis. This might happen because the TQI
speed analysis is based on the standard deviation, meanwhile, the UM analysis method is based on
a combination of track condition values, which are influenced by lateral and vertical forces that
occurs on the wheels. Therefore, in determining the speed limit on the Indonesian Railways, it is
necessary to consider the influence of lateral and vertical loads.

Acknowledgment

We wanted to express our gratitude to the Indonesian Railway Company or PT. Industri Kereta
Api for assisting with the authorship process and providing the data for this study. And also, all
the stakeholders for supporting this study.

References

[1]  S.N. Lingamanaik, C. Thompson, N. Nadarajah, R. Ravitharan, H. Widyastuti, and W. K.
Chiu, “Using Instrumented Revenue Vehicles to Inspect Track Integrity and Rolling Stock

Performance in a Passenger Network during Peak Times,” Procedia Eng., vol. 188, pp.
424-431, 2017. https://doi.org/10.1016/j.proeng.2017.04.504

[2] T.L.Chong et al., “Defining Rail Track Input Conditions Using an Instrumented Revenue
Vehicle,” Procedia Eng., vol. 188, pp- 479485, 2017.
https://doi.org/10.1016/j.proeng.2017.04.511

[3] H. Widyastuti and W. S. Budhi, “Railway capacity analysis using Indonesian method and
UIC code 405 method,” in IOP Conference Series: Materials Science and Engineering,
2020, vol. 930, no. 1. https://doi.org/10.1088/1757-899X/930/1/012059

[4] J. Sadeghi and H. Askarinejad, “Influences of Track Structure, Geometry and Traffic
Parameters on Railway Deterioration,” J. Clin. Psychol., vol. 2, no. 1, pp. 205-211, 2009.

[5] G. Schupp, “Railway Vehicle Dynamics , Multibody Systems , and Bifurcation Analysis”.

[6] W. S. Budhi and H. Widyastuti, ‘“Prediksi Tingkat Pelayanan Jalan Rel Akibat
Pembangunan Double Track,” J. Apl. Tek. Sipil, vol. 18, no. 2, pp. 223-230, 2020.

[71 A.R.B.Berawi, R. Delgado, R. Calcada, and C. Vale, “Evaluating track geometrical quality
through different methodologies,” Int. J. Technol., vol. 1, no. 1, pp. 38-47, 2010.

[8] R.R. A. Lubis and H. Widyastuti, “Penentuan Rekomendasi Standar Track Quality Index
(TQI) untuk Kereta Semicepat di Indonesia (Studi Kasus : Surabaya - Cepu),” J. Apl. Tek.
Sipil, vol. 18, no. 1, p. 39, 2020. https://doi.org/10.12962/j2579-891X.v1811.5405

[9] D. L. Karunianingrum and H. Widyastuti, “Penilaian Indeks Kualitas Jalan Rel (Track
Quality Index) berdasarkan Standar Perkeretaapian Indonesia (Studi Kasus: Cirebon-
Cikampek),” J. Apl. Tek. Sipil, vol. 18, no. 1, p. 81, 2020. https://doi.org/10.12962/j2579-
891X.v18il.5710

[10] D. C. Alcocer, Track Data-Oriented Maintenance Intervention Limit Determination for

65



Structural Health Monitoring - 9APWSHM Materials Research Forum LLC

Materials Research Proceedings 27 (2023) 59-66 https://doi.org/10.21741/9781644902455-8

[11]

[12]

[13]

[14]

[15]

[16]
[17]

Ballasted Light Rail Tracks through Multibody Simulations. Mexico, 2019.

T. Phanyakit and T. Satiennam, “Track-quality index and degradation of railway track
structure: The construction track doubling project of northeast line from thanon chira
junction to khon kaen station, Thailand,” MATEC Web Conf., vol. 192, pp. 4-7, 2018.
https://doi.org/10.1051/mateccont/201819202022

W. A. Fistcar, H. Widyastuti, D. Iranata, and C. A. Prastyanto, “Pengaruh Parameter Track
Quality Indeks (Tqi) Terhadap Perilaku Bantalan Beton,” J. Apl. Tek. Sipil, vol. 18, no. 1,
p. 131, 2020. https://doi.org/10.12962/j2579-891X.v18i1.6274

R. Kurniawan. w, “TINJAUAN VOLUME PEMELIHARAAN TAHUNAN JALAN REL
BERDASARKAN HASIL TRACK QUALITY INDEX (TQI) (Studi kasus: Lintas
Manggarai - Bogor),” Tinj. Vol. PEMELIHARAAN Tah. JALAN REL BERDASARKAN Has.
TRACK Qual. INDEX (Studi kasus Lintas Manggarai - Bogor), vol. 4, no. 2, pp. 1-17,2015.

PT. Kereta Api Indonesia, Evaluasi Geometri Jalan Rel atau Kereta Ukur. PT. Kereta Api
Indonesia, 2012.

P. A. Nugraha, “Analisis Dinamik Sistem Benda Jamak Kereta LRT,” Institut Teknologi
Bandung, 2017.

Universal Mechanism, User s Manual Simulation of Rail Vehicle Dynamics. 2020.

Union Internationale Des Chemins De Fer, “UIC leaflet 518. Testing and Approval of
Railway Vehicles from the Point of view of their Dynamic Behavior-Safety-Track
Fatigue—Ride Quality,” no. October. pp. 1-78, 2005.

66



	Prediction of speed limit on the railway track using track quality index and multibody dynamics simulation
	Introduction
	Literature Review
	Result and Analysis Discussion
	Conclusion
	Acknowledgment
	References


